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(57) ABSTRACT

A display apparatus includes: a display device; a display
device driver which drives the display device; a compression
section adapted to an operation of generating compression
data by compression processing performed on image data;
and a transmission section which, when receiving com-
pressed data from the compression section, transmits the
compressed data to the display device drniver by using a
serial data signal. The compression section performs the
compression processing with a data compression ratio
selected 1n response to a frame rate with which the display
device driver drives the display device. The display device
driver receives the serial data signal from the transmission
section, generates decompressed data by decompressing the
compressed data transmitted by the serial data signal, and
drives the display device 1n response to the decompressed
data. The data compression ratio used 1n the compression
processing 1s set so that the transmission rate of the serial
data signal from the transmission section to the display

(Continued) (Continued)
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DISPLAY APPARATUS AND DISPLAY
APPARATUS CONTROL CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a National Stage of International Application No.
PCT/IP2012/053942, filed Feb. 20, 2012, claiming priority

from Japanese Patent Application No. 2011-073478, filed

Mar. 29, 2011, the contents of all of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a display apparatus and a
display apparatus control circuit, more particularly, to data
transmission from a display apparatus control circuit to a
display device driver.

BACKGROUND ART

Recently, panel display apparatuses, such as liquid crystal
display apparatuses, have become required to display vari-
ous contents. Examples of contents displayed on panel
display apparatuses include still images, 2D (2-dimensional)
moving 1mages and 3D (3-dimensional) moving 1mages.

The 1nventors consider that, in displaying various con-
tents thus described, 1t 1s appropnate to switch the frame rate
(the number of frame 1mages per unit time) 1n response to
the contents. In the case that a liquid crystal display appa-
ratus 1s used as a television, use of a frame rate correspond-
ing to the double speed (120 Hz) successtully results 1n
displaying images with reduced blur when contents consist-
ing of still images or including many still images (for
example, web contents) are displayed. For displaying a 2D
moving image, on the other hand, 1t 1s preferable to use a
higher frame rate, such as a frame rate corresponding to the
triple speed (180 Hz) 1n order to reduce blur. For displaying
a 3D moving image, in which left- and right-eye images are
alternatively displayed, it 1s preferable to use a further higher
frame rate, such as a frame rate corresponding to the
quadruple speed (240 Hz). Use of a high frame rate inde-
pendent of the contents may be acceptable 1f only the 1image
quality 1s considered; however, the mnventors consider that 1t
1s preferable that the frame rate 1s vanable, instead of
displaying images permanently with a high frame rate, since
a high frame rate undesirably increases the power consump-
tion of the display apparatus.

One 1ssue the mventors have recognized 1n developing a
display apparatus configured to vary the frame rate 1s that the
necessary transmission rate of the display data widely varies
depending on the frame rate. For example, the transmission
rate of the display data for displaying images at the frame
rate corresponding to the triple speed 1s one and a half times
as much as that for displaying images at the frame rate
corresponding to the double speed. The change in the
transmission rate of the display data causes two problems.
One 1s that the anti-EMI design of the printed circuit board
and the transmission cables 1s made diflicult. The changes 1n
the transmission rate of the display data enlarge the 1fre-
quency range of the EMI and this makes 1t difficult to take
anti-EMI measures. Another problem 1s that, when a clock
signal used 1n the data transmission 1s generated by a PLL
(phase locked loop) or a DLL (delay locked loop), it 1s
necessary to re-lock the PLL or DLL when the transmission
rate of the display data 1s changed. The transmission of the
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2

display data 1s not allowed until the re-lock of the PLL or
DLL 1s completed and this 1s not preferable for displaying
1mages.

A disclosure of transmission of display data 1n a display
apparatus 1s found, for example, 1n Japanese Patent Appli-

cation Publication No. 2010-141775 A. This publication

discloses a technique 1 which display data are stored in a
frame memory after the display data are compressed and a
display panel 1s driven in response to decompressed data
obtained by decompressing the compressed data read from
the frame memory. In this technique, the data compression
ratio 1s adjusted depending on the display image. The data
compression ratio 1s set high for reducing the power con-
sumption for a display image which does not experience
severe 1mage quality deterioration even when the data
compression ratio 1s large. For a display image which suflers
from severe image quality deterioration when the data
compression ratio 1s large, the data compression ratio 1s set
low to maintain a suflicient image quality i displaying
images 1n response to the decompressed data.

Also, Japanese patent gazette No. 4,507,265 B also dis-
closes a technique 1n which display data are stored in a
memory after the display data are compressed. This gazette
discloses that the compression method 1s selected 1n
response to the correlation among pixel data of four pixels.

The above-described techniques, however, do not address
the changes 1n the necessary transmaission rate of the display
data, which are accompanied by the changes in the frame
rate.

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Patent Application Publica-
tion No. 2010-141775 A

|[Patent Literature 2] Japanese Patent Gazette No. 45072635
B

SUMMARY

Therefore, an objective of the present mvention 1s to
provide a display apparatus and a display apparatus control
circuit which address the problem of changes 1n the trans-
mission rate of the display data accompanied by changes in
the frame rate.

In one aspect of the present invention, a display apparatus
includes: a display device; a display device driver which
drives the display device; a compression section adapted to
an operation of generating compression data by compression
processing performed on image data; and a transmission
section which, when receiving compressed data from the
compression section, transmits the compressed data to the
display device driver by using a serial data signal. The
compression section performs the compression processing
with a data compression ratio selected 1n response to a frame
rate with which the display device driver drives the display
device. The display device driver receives the serial data
signal from the transmission section, generates decom-
pressed data by decompressing the compressed data trans-
mitted by the serial data signal, and drives the display device
in response to the decompressed data. The data compression
ratio used in the compression processing 1s set so that the
transmission rate of the serial data signal from the transmis-
sion section to the display device driver i1s kept constant
independently of the frame rate.
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In another aspect of the present invention, a display
apparatus control circuit which controls a display device
driver dniving a display device includes: a compression
section adapted to an operation of generating compression
data by compression processing performed on image data;
and a transmission section which, when receiving com-
pressed data from the compression section, transmits the
compressed data to the display device driver by using a
serial data signal. The compression section performs the
compression processing with a data compression ratio
selected 1n response to a frame rate with which the display
device driver drives the display device. The display device
driver receives the serial data signal from the transmission
section, generates decompressed data by decompressing the
compressed data transmitted by the serial data signal, and
drives the display device 1n response to the decompressed
data. The data compression ratio 1s set so that the transmis-
sion rate of the serial data signal from the transmission
section to the display device driver i1s kept constant inde-
pendently of the frame rate.

The present invention provides a display apparatus and a
display apparatus control circuit which address a problem of

changes in the transmission rate of display data accompa-
nied by changes in the frame rate.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1illustrating the configuration of
a display apparatus of a first embodiment of the present
invention;

FIG. 2 1s a conceptual 1llustration illustrating the relation
among kinds of contents, the frame rate and the data
compression ratio;

FIG. 3A 1s a block diagram 1llustrating a circuit configu-
ration of a commonly used PLL circuit;

FIG. 3B 1s a block diagram 1llustrating a preferred circuit
configuration of a PLL circuit of the first embodiment;

FI1G. 4 1s a block diagram illustrating the configuration of
a display apparatus of a second embodiment of the present
imnvention;

FIG. 5 1s a block diagram showing the configuration of a
display apparatus of a third embodiment of the present
invention;

FIG. 6 1s a conceptual illustration showing an example of
the configuration of a block, which 1s unit data of compres-
$101 processing;

FIG. 7A 15 a block diagram illustrating an example of the
configuration of a compression circuit;

FIG. 7B 1s a block diagram illustrating an example of the
configuration of a decompression circuit;

FIG. 8 1s a flowchart illustrating an example of the
procedure of selecting a compression method;

FIG. 9A 1s a diagram 1llustrating the format of (1x4) pixel
compressed data for a data compression ratio of 50%;

FIG. 9B 1s a diagram showing the format of (1x4) pixel
compressed data for a data compression ratio of 66.7%;

FIG. 10A 1s a conceptual illustration illustrating the
processing contents of (1x4) pixel compression;

FIG. 10B 1s a conceptual illustration illustrating the
contents ol decompression processing of (1x4) compressed
data;

FIG. 11A 1s a diagram 1llustrating the format of (2+1x2)
pixel compressed data for a data compression ratio of 50%;

FIG. 11B 1s a diagram 1llustrating the format of (2+1x2)
pixel compressed data for a data compression ratio of
66.7%;
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FIG. 12A 1s a conceptual illustration illustrating the
processing contents of (2+1x2) pixel compression;

FIG. 12B 1s a conceptual illustration illustrating the
contents of decompression processing ol (2+1x2) com-
pressed data;

FIG. 13A 1s a diagram illustrating the format of (2x2)
pixel compressed data for a data compression ratio of 50%;

FIG. 13B 1s a diagram illustrating the format of (2x2)
pixel compressed data for a data compression ratio of
66.7%;

FIG. 14A 1s a conceptual illustration illustrating the
processing contents of (2x2) pixel compression;

FIG. 14B 1s a conceptual illustration illustrating the
contents ol decompression processing of (2x2) compressed
data;

FIG. 15A 1s a diagram illustrating the format of (4x1)
pixel compressed data for a data compression ratio of 50%;

FIG. 15B 1s a diagram illustrating the format of (4x1)
pixel compressed data for a data compression ratio of
66.7%;

FIG. 16A 1s a conceptual illustration illustrating the
processing contents of (4x1) pixel compression;

FIG. 16B i1s a conceptual illustration 1llustrating decom-
pression processing of compressed data compressed by
(4x1) pixel compression;

FIG. 17 1s a diagram 1illustrating an example of a basic
matrix used for the generation of error data o; and

FIG. 18 1s a conceptual illustration illustrating another
example of a block, which 1s unit data of compression
processing.

DESCRIPTION OF EMBODIMENTS

First Embodiment

FIG. 1 1s a block diagram showing the configuration of a
display apparatus according to a first embodiment of the
present mvention. In this embodiment, a display apparatus
according to the present mvention 1s applied to a liquid
crystal display apparatus 1. Although an embodiment 1n
which the present invention 1s applied to the liquid crystal
display apparatus 1 1s described 1n the following, 1t would be
apparent to the person skilled in the art that the present
invention 1s applicable to other display apparatuses (such as,
PDP (plasma display panel) display apparatuses and organic
EL (electroluminescence) display apparatuses).

The liquid crystal display apparatus 1 1s configured to
display 1images on a liquid crystal display panel 2 1in response
to 1image data transmitted from an external device. Placed in
the liquid crystal display panel 2 are pixels, data lines (or
signal lines) and gate lines (or scan lines). Each pixel
includes an R subpixel (a subpixel for displaying red), a G
subpixel (a subpixel for displaying green) and a B subpixel
(a subpixel for displaying blue). Each subpixel 1s placed at
the 1intersection of the corresponding data line and gate line.
In the following, pixels corresponding to the same gate line
are referred to as pixel line.

In this embodiment, 1mage data are fed as data represent-
ing the grayscale level of each of the R subpixel, the G
subpixel and the B subpixel with eight bits, that 1s, data
representing the grayscale levels of each pixel with 24 bits.
It should be noted that the number of bits of the image data
1s not limited to these numbers.

The liquid crystal display apparatus 1 includes a timing,
control circuit 3, drivers 4 and a gate line drive circuit 5. The
timing control circuit 3 controls the drivers 4 and the gate
line drive circuit 3 so that desired 1images are displayed on
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the liquid display panel 2. The drivers 4 drive the data lines
of the liquid crystal display panel 2 and the gate line drive
circuit 5 drives the gate lines of the liquid crystal display
panel 2. In this embodiment, the timing control circuit 3, the
drivers 4 and the gate line drnive circuit 5 are mounted as
separate 1Cs (integrated circuits). The drivers 4 are adapted
to vary the frame rate of image display on the liquid crystal
display panel 2. As described above, the configuration 1n
which the frame rate 1s variable 1s useful for appropriately
displaying various contents (such as, the WWW, 2D (2-di-
mensional) moving 1images and 3D (3-dimensional ) moving,
images) with reduced power consumption.

In this embodiment, a plurality of drivers 4 are provided
in the liquid crystal display apparatus 1, and the timing
control circuit 3 and each driver 4 1s connected with a
peer-to-peer connection. Specifically, the timing control
circuit 3 and each dniver 4 1s connected via a serial signal
line 6 and a clock signal line 7 which are dedicated to each
driver 4. The data transmission between the timing control
circuit 3 and each driver 4 1s achieved by serial data
transmission via the serial signal line 6. Although an archi-
tecture 1n which a timing controller and drivers are con-
nected by a bus 1s commonly known with respect to a liquid
crystal display apparatus incorporating a plurality of drivers,
the architecture of this embodiment in which the timing
control circuit 3 and each driver 4 1s connected with a
peer-to-peer connection 1s useful, since such architecture
allows reducing the transmission rate necessary for data
transmission between the timing control circuit 3 and each
driver 4.

Schematically, the timing control circuit 3 has two roles.
First, the timing control circuit 3 performs an overall timing
control of the liquid crystal display apparatus 1 1n response
to timing control signals fed from an external device. In
detail, the timing control circuit 3 controls the operation
timings of the drivers 4 and the gate line drive circuit 3 by
transmitting various control data to each driver 4 via the
serial signal line 6 and transmitting timing control signals to
the gate line drive circuit 5. The transmission of the control
data from the timing control circuit 3 to each driver 4 1s
performed in the blanking period of each horizontal syn-
chronization period. The control data transmitted from the
timing control circuit 3 to each driver 4 include polarity
reversal data and timing control data. Here, the polarity
reversal data are data which specifies polarities of drive
signals fed to the data lines. On the other hand, the timing
control data include data which notily each driver of the
starts of each vertical synchronization period and each
horizontal synchronization period, data which indicate a
data start (that is, data instructing each driver 4 to latch
image data) and data which indicate to start driving the data
lines. Each driver 4 operates at operation timings 1n response
to the timing control data. The control of the frame rate of
image display on the liquid crystal display panel 2 1s
achieved by using these timing control data.

Second, the timing control circuit 3 feeds 1image data to
cach driver 4 via the serial signal line 6. Here, the timing
control circuit 3 has the function of feeding image data to
cach driver 4 after performing compression processing on
the 1image data. The compression processing on 1image data
will be described later 1n detail. The 1mage data are fed to
cach drniver 4 1n the display period i each horizontal
synchronization period. A detailed description 1s given
below of the timing control circuit 3 and the drivers 4.

The timing control circuit 3 includes a compression
circuit 11 and a senal transmission circuit 12. The compres-
sion circuit 11 generates compressed data by performing
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compression processing on the image data. In this embodi-
ment, the 1image data are compressed 1n units of four pixels.
This implies that image data are compressed 1n units of 96
bits, since 1mage data corresponding to one pixel consists of
24 bits as described above.

As described above, the data compression ratio of the
compression processing in the compression circuit 11 1s
variable. In this Specification, the data compression ratio 1s
defined as the ratio of the number of bits of compressed data
to the number of bits of the original image data. When
compressed data of 48 bits are generated from 1mage data of
96 bits, the data compression ratio 1s 50% (=1/2). In thas
embodiment, the data compression ratio of the compression
processing 1s selected from 100% (=1), 66.7% (=2/3) and
50% (=1/2). The data compression ratio of 100% means that
the compression circuit 11 outputs the image data as they are
without performing compression processing; in the follow-
ing, however, the data outputted from the compression
circuit 11 are referred to as compressed data, including the
case that the data compression ratio 1s 100%.

The compression circuit 11 1s fed with frame rate indica-
tion data which indicate the frame rate, and the data com-
pression ratio of the compression processing 1s selected in
response to the frame rate indication data. In other words,
the data compression ratio 1s adjusted in response to the
frame rate of the image display on the liquid crystal display
panel 2. This aims at keeping the transmission rate of the
serial data transmission constant by varying the data com-
pression ratio in response to the frame rate as described later.
When the frame rate 1s high, for example, 1t 1s required to
feed 1mage data of a large data amount to each driver 4 and
therefore the data compression ratio 1s set high to keep the
transmission rate of the serial data transmission constant.
The compression circuit 11 feeds the compressed data
generated by the compression processing and compression
mode data indicating the data compression ratio to the serial
transmission device 12.

The serial transmission circuit 12 generates a serial data
signal which incorporates the compressed data, the com-
pression mode data received from the compression circuit
11, and timing control data to be transmitted to each driver
4, and transmits the senial data signal with a senial data
communication. In this embodiment, the serial transmission
circuit 12 includes a PLL circuit 13 generating a clock signal
and transmits the serial data signal to each driver 4 via the
serial signal line 6 1n synchronization with the generated
clock signal. Additionally, the serial transmission circuit 12
transmits the clock signal generated by the PLL circuit 13 to
cach driver 4 via the clock signal line 7.

On the other hand, each driver 4 includes a serial receiv-
ing circuit 14, a decompression circuit 15, a display latch
section 16 and a data line drive circuit 17. The serial
receiving circuit 14 receives the serial data signal transmit-
ted from the seral transmission circuit 12 in synchronization
with the clock signal fed via the clock signal line 7, and
performs sampling on the serial data signal to extract the
compressed data, the compression mode data and the timing
control data. The extracted compressed data compression
mode data and timing control data are forwarded to the
decompression circuit 15. The decompression circuit 15
decompresses the received compressed data to generate
display data and sequentially forwards the generated display
data to the display latch section 16. In this operation, the
decompression circuit 15 recognizes the data compression
ratio from the compression mode data and decompresses the
compressed data 1n response to the recognized data com-
pression ratio. The display latch section 16 sequentially
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latches the display data received from the decompression
circuit 15. The display latch section 16 of each driver 4
stores the display data of pixels corresponding to the each
driver 4 out of pixels of a pixel line. The data line drive
circuit 17 drives the data lines 1n response to the display data
latched by the display latch section 16. In response to the
display data stored in the display latch section 16, the
respective data lines corresponding to the display data are
driven 1n each horizontal synchronization period. It should
be noted that, although the configuration of only one driver
4 1s 1illustrated 1n FIG. 1, other drivers 4 are similarly
structured.

Various known compression processing and decompres-
sion process may be used as the compression processing
performed 1n the compression circuit 11 and the decompres-
s10n processing performed in the decompression circuit 15.
It should be noted, however, that compression processing
and decompression processing preferred for the liquid crys-
tal display apparatus 1 of this embodiment are described in
detail later.

Next, the operation of the liqud crystal display apparatus
1 of this embodiment 1s described. As illustrated in FIG. 2,
the frame rate of the image display on the liquid crystal
display panel 2 1s variable i the liquid crystal display
apparatus 1 of this embodiment. In this embodiment, the
frame rate 1s selected from 120 Hz (the double speed), 180
Hz (the triple speed) and 240 Hz (the quadruple speed). The
frame rate 1s indicated by the frame rate indication data fed
to the timing control circuit 3 and the timing control circuit
3 and the drivers 4 operate to display 1mages at the frame
rate indicated by the frame rate indication data.

In this embodiment, the frame rate 1s switched 1n response
to the contents displayed on the liquid crystal display panel
2. When still images or contents frequently including still
images such as the web are displayed, the frame rate 1s set
to 120 Hz. St1ll images, which do not cause a severe problem
in terms ol image blur, are displayed at a relatively low
frame rate 1 order to reduce the power consumption. When
2D moving mmages are displayed, on the other hand, the
frame rate 1s set to a higher value, more specifically, 180 Hz
to reduce blur. When 3D moving images, which require
alternately displaying left- and night-eye 1images, are dis-
played, the frame rate 1s set to a further higher value, more
specifically, 240 Hz.

In addition, the liquid crystal display apparatus 1 1s
configured to switch the data compression ratio of the
compression circuit 11 in response to the switching of the
frame rate, and thereby the transmission rate of the serial
data transmission from the timing control circuit 3 to each
driver 4 1s kept constant. In this embodiment, the data
compression ratio 1s switched so that the product of the data
compression ratio and the frame rate 1s kept constant 1inde-
pendently of the frame rate. In detail, the data compression
ratio 1s set to 100% (=1) for the frame rate of 120 Hz, to
66.7% (=2/3) for the frame rate of 180 Hz and to 50% (=1/2)
for the frame rate of 240 Hz. It should be noted that the
product of the frame rate and the data compression ratio 1s
kept to a constant value of 120. The combination of the data
compression ratio and the frame rate may be variously
modified; 1t 1s important that the product of the data com-
pression ratio and the frame rate 1s kept constant indepen-
dently of the frame rate.

There are two advantages to keeping the transmaission rate
of the serial data transmission constant by adjusting the data
compression ratio in response to the frame rate. First,
anti-EMI designs of the printed circuit board and transmis-
sion cables are facilitated. In this embodiment, since the
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transmission rate of the serial data transmission 1s kept
constant, the frequency range of the EMI 1s narrowed and
this makes 1t easy to take anti-EMI measures.

Second, the need of re-locking the PLL circuit 13 1s
climinated, since 1t 1s not necessary to switch the frequency
band of the clock signal generated by the PLL circuit 13 in
response to the frame rate. If the frame rate 1s switched
without adjusting the data compression ratio, this necessi-
tates increasing or decreasing the data transmission rate in
the serial data transmission, causing a necessity of switching,
the frequency band of the clock signal. When the frame rate
1s switched from 120 Hz to 180 Hz with the data compres-
s1on rate kept constant, the data transmission amount 1n the
serial data transmission 1s increased up to one and a half
times and the data transmission rate 1s also icreased up to
one and a half times. This necessitates switching the ire-
quency band of the clock signal generated by the PLL circuit
13 to a frequency band including the frequency of one and
a half times of the oniginal frequency. One issue 1s that 1t 1s
necessary to re-lock the PLL circuit 13 when the frequency
band of the clock signal generated by the PLL circuit 13 1s
switched. This implies the display data cannot be transmitted
until the re-lock 1s completed, which 1s not preferable for
displaying images. In this embodiment, 1t 1s not necessary to
switch the frequency band of the clock signal generated by
the PLL circuit 13, since the transmission rate of the serial
data transmission 1s kept constant even when the frame rate
1s switched. This offers an advantage of eliminating the
necessity of re-locking the PLL circuit 13.

The elimination of the necessity of switching the clock
signal generated by the PLL circuit 13 also offers an advan-
tage that the circuit configuration of the PLL circuit 13 can
be simplified. FIG. 3 A illustrates the circuit configuration of
a commonly used PLL circuit and FIG. 3B illustrates the
circuit configuration of the PLL circuit 13 of this embodi-
ment. Known as a commonly known PLL circuit 1s a
configuration which includes a phase comparator 21a VCO
(voltage-controlled oscillator) 22 and a frequency divider
123 as shown 1n FIG. 3A. The phase comparator 21 outputs
an output voltage corresponding to the phases of a source
clock and an output signal of the frequency divider 123 and
The VCO 22 outputs an output clock signal in response to
the output voltage received from the phase comparator 21.
The frequency divider 123 outputs the output signal by
performing frequency-dividing on the output clock signal. In
general, a low pass filter (LPF) 1s often provided between the
phase comparator 21 and the VCO 22; however, the low pass
filter 1s not 1illustrated 1n FIG. 3A.

In general, the frequency band of the output clock signal
outputted from the VCO 22 1s not so wide. Accordingly, the
frequency dividing ratio of the frequency divider 123 1is
switched by a frequency dividing ratio adjustment circuit
123 provided 1n the frequency divider 123, when the fre-
quency of the output clock signal 1s to be widely changed.
This implies that the use of the configuration in which the
frequency band of the clock signal generated by the PLL
circuit 13 1s switched 1n response to the switching of the
frame rate necessitates using such a circuit configuration that
the frequency dividing ratio of the frequency divider 123 1s
switchable as illustrated 1n FIG. 3A.

In this embodiment, on the other hand, the frequency band
of the clock signal generated by the PLL circuit 13 1s not
switched even when the frame rate 1s switched. This allows
using a circuit configuration using a frequency divider 23
which does not have the function of switching the frequency
dividing ratio as illustrated in FIG. 3B. The configuration of
the frequency divider 23 can be simplified by removing the
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function of switching the frequency dividing ratio from the
frequency divider 23. This 1s advantageous 1n implementa-
tion of the PLL circuit 13. It should be noted that the
frequency divider 23 1s not necessary when a clock signal
having the same frequency as the source clock 1s generated.
In this case, the output of the VCO 22 1s directly connected
to the mput of the phase comparator 21 or a signal of the
same frequency as the output of the VCO 22 1s fed to the
input of the phase comparator 21 via a certain circuit (for
example, a delay circuit).

A DLL (delay locked loop) circuit may be used in place
of the PLL circuit 13. Also 1n this case, 1t 1s not necessary
to provide the DLL circuit with the function of switching the
frequency band, since the transmission rate of the serial data
transmission 1s kept constant. This contributes the simplifi-
cation of the configuration of the DLL circuit.

As described above, the frame rate 1s switched in response
to the contents displayed on the liquid crystal display panel
2 1n the liquid crystal display apparatus 1 of this embodi-
ment. Furthermore, the data compression ratio of the com-
pression circuit 11 1s switched 1n response to the switching,
of the frame rate and thereby the transmission rate of the
serial data transmission from the timing control circuit 3 to
cach driver 4 1s kept constant. This facilitates taking anti-
EMI measures and also eliminates the necessity of re-
locking the PLL circuit 13. In addition, this embodiment
climinates the necessary of switching the frequency band of
the clock signal generated by the PLL circuit 13, allowing

simplification of the circuit configuration of the PLL circuit
13.

Second Embodiment

FI1G. 4 1s a block diagram illustrating the configuration of
the display apparatus according to a second embodiment of
the present invention. Used in this embodiment 1s an archi-
tecture 1n which a clock recovery 1s performed in each driver
4 from the serial data signal transmaitted to the driver 4 via
the serial signal line 6. The clock signal line 7 1s not
provided 1n this embodiment. The architecture in which a
clock recovery from the serial data signal 1s performed 1is
ellective for reducing the number of signal lines of the cable
which provides connection between the timing control cir-
cuit 3 and each driver 4. One example of a serial data
transmission technique adapted to such architecture 1s LVDS
(low voltage diflerential signaling).

In connection with such modification, a PLL circuit 18 1s
provided 1n the serial recerving circuit 14a of each driver 4
in this embodiment. The PLL circuit 18 generates a clock
signal synchronous with the serial data signal transmitted to
the driver 4. The sernial receiving circuit 14A performs
sampling on the serial data signal at timings synchronous
with the clock signal generated by the PLL circuit 18 to
extract the compressed data, the compression mode data and
the timing control data. It should be noted that a DLL circuit
may be used 1n place of the PLL circuit 18.

The configuration and operation of the liquid crystal
display apparatus 1 except for those described above are
same as the first embodiment. That 1s, as 1s the case with the
first embodiment, the frame rate 1s also switched 1n response
to the contents displayed on the liquid crystal display panel
2 1 thus embodiment. Furthermore, the data compression
rati1o of the compression circuit 11 1s switched in response to
the switching of the frame rate and thereby the transmission
rate of the serial data transmission from the timing control
circuit 3 to each driver 4 1s kept constant.
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This embodiment, 1n which PLL circuits are provided not
only in the serial transmission circuit 12 but also the serial
receiving circuit 14A, offers a larger advantage by the
transmission rate of the serial data transmission being kept
constant. In this embodiment, in which the transmission rate
of the serial data transmission 1s kept constant, 1t 1s not
necessary to switch the frequency band of the clock signal
in any of the PLL circuit 13 of the serial transmission circuit
12 and the PLL circuit 18 of the serial reception circuit 14 A.
This implies that an operation of re-locking 1s not necessary
for any of the PLL circuits 13 and 18 (as long as no
malfunction occurs). Since both of the PLL circuit 13 of the
serial transmission circuit 12 and the PLL circuit 18 of the
serial recerving circuit 14A are required to normally operate
in order to achieve the serial data transmission between the
timing control signal 3 and each driver 4, 1t 1s very advan-
tageous that it 1s not necessity to re-lock any of the PLL
circuits 13 and 18. In addition, the simple circuit configu-
ration 1illustrated in FIG. 3B, which does not provide the
function of switching the frequency dividing ratio, can be
used for the PLL circuit 18 as well as the PLL circuit 13.
When the circuit configuration illustrated 1n FIG. 3B 1s used
for the PLL circuit 18, a recovery signal obtained by
performing a wavetorm recovery on the serial data signal 1s
inputted to the phase comparator 21 1n place of the source
clock signal.

Third Embodiment

FIG. § 1s a block diagram illustrating the display appa-
ratus according to a third embodiment of the present inven-
tion. In this embodiment, a display apparatus according to
the present mvention 1s applied to an 1mage processing
apparatus 50 including the liquid crystal display apparatus 1.
The 1image processing apparatus 50 includes a processor 51,
a memory 52 and an external input interface 33. A CPU
(central processing unit) or a DSP (digital signal processor)
may be used as the processor 51, for example. The processor
51 performs graphic processing, using the memory 52 as a
work area. The external input interface 53 1s connected to an
external device, such as an optical disk drive. In this
embodiment, the external input mterface 53 includes a
compression circuit 53a and the compression circuit 53a
performs compression processing on image data received by
the external iput interface 33 from the external device. The
operation of the compression circuit 33q 1s same as that of
the compression circuit 11 1n the first and second embodi-
ments. The compression circuit 33q 1s fed with the frame
rate 1ndication data which indicates the frame rate and the
compression circuit 53a performs compression processing
on the image data with the data compression ratio selected
in response to the frame rate indication data. The data
generated by the compression processing are forwarded to
the timing control circuit 3 via a bus 54 and then transmitted
to the drivers 4 by the serial data transmission.

Also 1n this embodiment, as 1s the case with the first and
second embodiments, the frame rate 1s switched 1n response
to the contents displayed on the liquid crystal display panel
2. Furthermore, the data compression ratio of the compres-
s1on circuit 11 1s switched 1n response to the switching of the
frame rate; this allows the transmission rate of the serial data
transmission from the timing control circuit 3 to the drivers
4 to be kept constant.

Although the frame rate 1s set depending on the kind of
the contents to be displayed in the above-described embodi-
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ments, the present invention 1s applicable to the case when
the frame rate 1s adjusted depending on a factor other than
the kind of the contents.
(Compression Processing and Decompression Processing)

In the following, a description 1s given of the compression
processing performed in the compression circuit 11 and the
decompression processing performed in the decompression
circuit 15 1n the above-described embodiments.
1. Configuration of Block

As described above, block coding, in which compression
1s performed 1n units of blocks each consisting of a plurality
of pixels, 1s used as the compression processing in the
present embodiments. More specifically, 1n the present
embodiments, each block consists of four pixels belonging
to the same pixel line, and 1mage data of the four pixels (total
96 bits) are collectively compressed. FIG. 6 illustrates the
arrangement of four pixels m each block; four pixels
included 1n each block may be referred to as pixel A, pixel
B, pixel C and pixel D, respectively, 1n the following. Each
of pixels A to D includes an R subpixel, a G subpixel and a
B subpixel. The R subpixel, G subpixel and B subpixel of
pixel A are denoted by symbols R ,, G, and B ,, respectively.
The same goes for pixels B to D. In the present embodi-
ments, the subpixels R ,, G,, B ,, R, Gz, Bo, R, G-, B,
R,, G, and B,, of four pixels of each block are positioned
in the same pixel line and connected to the same gate line.
In the following, a block to be subjected to compression
processing 1s referred to as target block.
2. Overview of Configurations and Operations ol Compres-
sion Circuit and Decompression Circuit

In the present embodiments, the compression circuit 11 1s
adapted to compress 1mage data with any of the following
five compression methods:

No-compression

(1x4) pixel compression

(2+1x2) pixel compression

(2x2) pixel compression

(4x1) pixel compression

As described above, the no-compression 1s a method of
outputting 1image data as compressed data as they are, and
used to set the data compression ratio to 100% (=1). The
(1x4) pixel compression 1s a method 1n which a process to
reduce the number of bit planes 1s performed on each of the
four pixels of the target block, independently. The (1x4)
pixel compression 1s advantageous when the correlation
among 1mage data of the four pixels 1s low. The (2+1x2)
pixel compression 1s a method 1n which a representative
value representing 1mage data of two pixels out of the four
pixels of the target block 1s determined and a process to
reduce the number of bit planes 1s performed on each of the
other two pixels. The (2+1x2) pixel compression 1s advan-
tageous when the correlation of 1image data of two pixels out
of the four pixels 1s high, and the correlation of the image
data of the other two pixels 1s low. The (2x2) pixel com-
pression 1s a method 1n which four pixels of the target block
1s classified into two pairs each consisting of two pixels, and
representative values for representing the image data for
cach pair are calculated to thereby compress the image data.
The (2x2) pixel compression 1s advantageous when the
correlation of 1mage data of two pixels out of four pixels 1s
high, and the correlation of the image data of the other two
pixels 1s also high. As described above, the (4x1) pixel
compression 1s a method 1n which representative values for
representing the imaged data of the four pixels of the target
block are calculated to thereby compress the image data. The

10

15

20

25

30

35

40

45

50

55

60

65

12

(4x1) pixel compression 1s advantageous when the correla-
tion among the 1image data of the four pixels of the target
block 1s high.

The data compression ratio 1s variable for the four com-
pression method other than the no-compression (that is,
(1x4) pixel compression, (2+1x2) pixel compression, (2x2)
pixel compression and (4x1) pixel compression). In any of
these four compression methods, the data compression ratio
1s set to 66.7% (=2/3) for the frame rate of 180 Hz (corre-
sponding to the triple speed), and to 50% (=1/2) for the
frame rate of 240 Hz (corresponding to the quadruple speed)
in the present embodiments.

In addition, when the data compression ratio 1s not 100%,
the compression method 1s selected from the (1x4) pixel
compression, the (2+1x2) pixel compression, the (2x2) pixel
compression and the (4x1) pixel compression, 1in response to
the correlation among 1mage data of the four pixels which
form the target block. For example, the (4x1) pixel com-
pression 1s used when the correlation among the image data
of the four pixels 1s high, and the (2x2) pixel compression
1s used when the correlation of the image data of two pixels
out of the four pixels 1s high, and the correlation of the image
data of the other two pixels 1s also high. When the data
compression ratio 1s 100%, the no-compression 1s selected
independently of the correlation among the four pixels
forming the target block.

To pertorm the operation as described above, as illustrated
in FIG. 7A, the compression circuit 11 includes a form
recognition section 31, a (1x4) pixel compression section
32, a (2+1x2) pixel compression section 33, a (2x2) pixel
compression section 34, a (4x1) pixel compression section
35, and a compressed data selection section 36.

When recerving the image data of the pixels of the target
block, the form recognition section 31 recognizes the cor-
relation among the received image data of the pixels. For
example, the form recognition section 31 recognizes which
combination of the pixels arranged in one row and four
columns has a high correlation 1n the 1mage data or which
pixel has a low correlation with other pixels in the image
data. Furthermore, the form recognition section 31 generates
compressed data selection data which indicate which of the
five compression methods: the no compression, the (1x4)
pixel compression, the (2+1x2) pixel compression, the (2x2)
pixel compression, and the (4x1) pixel compression should
be used 1n response to the result of the recogmition and the
data compression ratio to be used.

The (1x4) pixel compression section 32, the (2+1x2) pixel
compression section 33, the (2x2) pixel compression section
34, and the (4x1) pixel compression section 35 perform the
above-described (1x4) pixel compression, (2+1x2) pixel
compression, (2x2) pixel compression, and (4x1) pixel
compression, respectively, and thereby generate (1x4) com-
pressed data, (2+1x2) compressed data, (2x2) compressed
data, and (4x1) compressed data, respectively. In the present
embodiments, the (1x4) pixel compression section 32, the
(2+1x2) pixel compression section 33, the (2x2) pixel
compression section 34, and the (4x1) pixel compression
section 35 are fed with the frame rate indication data, and
switch the data compression ratio of the compression pro-
cessing 1n response to the frame rate. As described above,
the data compression ratio 1s set to 66.7% (=2/3) for the
frame rate of 180 Hz (corresponding to the triple speed) and
the data compression ratio 1s set to 50% (=1/2) for the frame
rate of 240 Hz (corresponding to the quadruple speed).

The compressed data selection section 36 selects any of
the original image data, the (1x4) compressed data, the
(2+1x2) compressed data, the (2x2) compressed data, and
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the (4x1) compressed data 1n response to the compressed
data selection data received from the form recognition
section 31, and outputs the selected data as the resultant
compressed data. When any one of the (1x4) compressed
data, the (2+41x2) compressed data, the (2x2) compressed
data, and the (4x1) compressed data i1s selected as the
resultant compressed data, the resultant compressed data
include one or more compression type recognition bits
indicating which one 1s used out of the four compression
methods. The compressed data outputted from the com-
pressed data selection section 36 are forwarded to the serial
transmission circuit 12.

The decompression circuit 15, which 1s provided on the
receiving side (that 1s, in the driver 4), determines which one
of the above-described five compression methods 1s used to
perform the compression processing for the compressed data
received from the serial receiving circuit 14 (14A), recog-
nizes the data compression ratio from the compression mode
data, and decompresses the compressed data by the decom-
pression method adapted to the used compressed method
and the data compression ratio. To perform such an opera-
tion, as shown in FIG. 7B, the decompression circuit 135
includes the form recognition section 41, an (1x4) pixel
decompression section 42, and a (2+1x2) pixel decompres-
sion section 43, (2x2) pixel decompression section 44, a

(4x1) pixel decompression section 45, and the display data
selection section 46.

The (1x4) pixel decompression section 42, the (2+1x2)
pixel decompression section 43, the (2x2) pixel decompres-
sion section 44, and the (4x1) pixel decompression section
45 has the function of decompressing the compressed data
generated by the (1x4) pixel compression, the (2+1x2) pixel
compression, the (2x2) pixel compression, and the (4x1)
pixel compression, respectively. The (1x4) pixel decompres-
s1on section 42, the (2+1x2) pixel decompression section 43,
the (2x2) pixel decompression section 44, and the (4x1)
pixel decompression section 435 recognizes the data com-
pression ratio from the compression mode data and performs
the decompression processing in accordance with the rec-
ognized data compression ratio. Herematter, the decom-
pressed data obtained by decompressing the compressed
data by the (1x4) pixel decompression section 42, the
(2+1x2) pixel decompression section 43, the (2x2) pixel
decompression section 44, and the (4x1) pixel decompres-
sion section 45 are referred to as (1x4) decompressed data,
(2+1x2) decompressed data, (2x2) decompressed data and
(4x1) decompressed data, respectively.

The form recognition section 41 recognizes the compres-
sion method actually used for the compression processing
from the compression type recognition bits and the com-
pression mode data, and generates display data selection
data specitying which of the (1x4) decompressed data, the
(2+1x2) decompressed data, the (2x2) decompressed data,
the (4x1) decompressed data and the compressed data 1s to
be selected as the display data. The display data selection
section 46 outputs any of the (1x4) decompressed data, the
(2+1x2) decompressed data, the (2x2) decompressed data,
the (4x1) decompressed data and the compressed data in
response to the display data selection data. It should be noted
that the compressed data are selected as the display data as
they are, only when the data compression ratio 1s 100% (that
1s, when the no-compression 1s used as the compression
method). The display data outputted from the decompres-
s1on circuit 15 are fed to the display latch section 16 and the
data line drive circuit 17 and used to drive the liquid crystal
display panel 2.
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In the following, a description 1s given of the recognition
method of the correlation among the image data of pixels
arranged 1n one row and four columns and details of the four
compression methods other than the no-compression. In the
following description, the grayscale values of the R subpix-
cls of the pixels A, B, C, and D are denoted by R ,, R;, R,
and R,, respectively. Also, the grayscale values of the G
subpixels of the pixels A, B, C, and D are denoted by G,
G, G, and G,,, respectively, and the grayscale values of the
B subpixels of the pixels A, B, C, and D are denoted by B ,,
B., B, and B,, respectively.

3. Selection of Compression Method 1n Response to Corre-
lation Among Pixels

When the data compression ratio 1s not 100% (that 1s,
when a compression method other than the no-compression
1s selected), the compression method 1s selected 1n response
to the correlation among the four pixels. More specifically,
the compression circuit 11 determines which of the follow-
ing cases 1s valid for the 1image data of the four pixels, which
are arranged in one row and four columns, of the target
block:

Case A: The correlation 1s low for any combinations of the
image data of the four pixels.

Case B: There exists a high correlation between the image
data of two pixels, while the 1image data of the other two
pixels have a low correlation with the preceding two pixels
and are mutually low 1n the correlation.

Case C: There exists a high correlation among the image
data of the four pixels.

Case D: There exists a high correlation between the 1image
data of two pixels, and there exists a high correlation
between the 1image data of the other two pixels.

FIG. 8 1s a flowchart illustrating the procedure of selecting
the compression methods 1n response to the correlation
among the pixels.

First, 1f the following condition (A) 1s not established for
any combination of 1 and j satisiying:

ie{4,B,C.D),
je{4,B,C D}, and

1#],
the compression circuit 11 determines case A 1s valid (that 1s,

the correlation among the image data of the four pixels of
arbitrary combinations of the four pixels 1s low) (step S01).

Ri-Rjl<Thl,
Gi-Gjl=Thl, and

Pi-Bjl<ihl. Condition (A)

When case A 1s valid, the compression circuit 11 deter-
mines that the (1x4) pixel compression 1s to be performed.

When determining that case A 1s not valid, the compres-
s1on circuit 11 defines a first set of two pixels and a second
set of two pixels for the four pixels, and determines for all
the allowed first and second sets whether a condition that the
difference of the image data between the two pixels of the
first set 1s smaller than the predetermined value, and the
difference of the image data between the two pixels of the
second set 1s smaller than the predetermined value 1s satis-
fied (Step S02). More specifically, the compression circuit
11 determines whether any of the following conditions (B1)

to (B3) holds true:
R —Rpl=Th?2,

G —GglsTh2,
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B —BplsTh?,
R—RplsTh2,

B —Bpl=Th?. Condition (B1)

R —RAA=Th2,
G ~GlsTh2,
B —Bl=sTh2,
Rp—Rpl<Th2,
Gp—Gpl=Th2, and

Bp—Bplsih?. Condition (B2)

R —Rpl=Th2,
G —~Gplsih2,
B —Bpl=<Th2,
Rp—Rl=Th2,
Gr—GpleTh2, and

Bp—Bl=Th2. Condition (B3)

When none of the above-described conditions (B1) to
(B3) holds true, the compression circuit 11 determines that
case B 1s valid (that 1s, there exists a high correlation
between the 1mage data of the two pixels, and the 1mage data
ol the other two pixels are mutually low 1n the correlation).
In this case, the compression circuit 11 determines that the
(2+1x2) pixel compression 1s to be performed.

When determining that none of cases A and B 1s valid, the
compression circuit 11 determines whether a condition that
the difference between the maximum value and the mini-
mum value of the image data of the four pixels with respect
to all colors of the four pixels 1s smaller than a predeter-
mined value 1s satisfied. More specifically, the compression
circuit 11 determines whether the following condition (C)

holds true (Step S03):

max (RA:RB:R (. Rﬂ)_mln (RA:RBJ RB: Rﬂ) <1h3 »

maX(GA: GB: GCJ Gﬂ)_min(GA: GE: GCJ Gﬂ){m:g » and

max(b ,Bp,B~Bp)-min(B ,Bp B Bn)<Ih3. Condition (C)

When condition (C) does not hold true, the compression
circuit 11 determines that case C 1s valid (that 1s, there exists
a high correlation among the image data of the four pixels).
In this case, the form recognition section 61 determines that
the (4x1) pixel compression 1s to be performed.

When condition (C) does not hold true, on the other hand,
the compression circuit 11 determines that case D 1s valid
(that 1s, there exists a high correlation between 1mage data
of two pixels and there exists a high correlation between
image data of the other two pixels). In this case, the
compression circuit 11 determines that the (2x2) pixel
compression 1s to be performed.

Based on the result of the above-described recognition of
the correlation, the form recogmition section 31 of the
compression circuit 11 selects any of the (1x4) pixel com-
pression, the (2+1x2) pixel compression, the (2x2) pixel
compression, the (3+1) pixel compression, and the (4x1)
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pixel compression. As described later, the image data of the
target block are compressed by using the selected compres-
s1on method.

4. Details of Respective Compression Methods and Decom-
pression Methods

Next, details of the compression methods and decompres-
sion methods are described for the (1x4) pixel compression,
the (2+1x2) pixel compression, the (2x2) pixel compression
and the (4x1) pixel compression, individually.

4-1. (1x4) Pixel Compression

FIGS. 9A and 9B are conceptual illustrations illustrating,
the formats of the (1x4) compressed data. As described
above, the (1x4) pixel compression 1s a compression method
used in the case that the correlation among the image data of
the pixels 1s low for any combinations of the four pixels.
Here, FIG. 9A illustrates the format of the compressed data
in the case that the data compression ratio of 50% (=4) and
FIG. 9B 1llustrates the format of the compressed data in the
case that the data compression ratio of 66.7% (=243). Except
that the total number of bits and the bit allocation are
different, the basic format 1s common for these data com-
pression ratios.

As 1llustrated 1 FIG. 9A, the (1x4) compressed data are
comprised of: a header (attribute data) including a compres-
s1on type recognition bit; R ,, G, and B , data corresponding
to the image data of the pixel A; R; G, and B, data
corresponding to the image data of the pixel B; R -, G, and
B data corresponding to the image data of the pixel C; and
R,,, G, and B, data corresponding to the image data of the
pixel D. Here, the compression type recognition bit 1s data
indicating the type of the compression method used for the
compression processing, and one bit 1s allocated to the
compression type recognition bit 1n the (1x4) compressed
data. In the present embodiments, the value of the compres-
s10n type recognition bit of the (1x4) compressed data 1s “0”.

The R,, G, and B, data are bit-plane reduced data
obtained by performing reduction of the number of the bit
planes for the grayscale values of the R, G and B subpixels
of pixel A, and the R;, Gz and B data are bit-plane reduced
data obtained by performing reduction of the number of bit
planes for the grayscale values of the R, G, and B subpixels
of pixel B. Correspondingly, the R, G, and B . data are
bit-plane reduced data obtained by performing reduction of
the number of the bit planes for the grayscale values of the
R, G, and B subpixels of pixel C, and the R, G, and B,
data are bit-plane reduced data obtained by performing
reduction of the number of the bit planes for the grayscale
values of the R, G, and B subpixels of pixel D.

In the present embodiments, when the data compression
ratio 1s 50% (FIG. 9A), only the B, data, which correspond
to the B subpixel of pixel D, are three-bit data and other data
are four-bit data. In such a bit allocation, the total number of
bits including the compression type recognition bit 1s 48 bits.
When the data compression ratio 1s 66.7% (FIG. 9B), on the
other hand, the G ,, G; and G data, which correspond to the
G subpixels of pixels A, B and C, are six-bit data and other
data are five-bit data. In such a bit allocation, the total
number of bits including the compression type recognition
bit 1s 64 bits.

FIG. 10A 1s a schematic illustration explaining the (1x4)
pixel compression. Although FIG. 10A 1llustrates the (1x4)
pixel compression for the data compression ratio of 50%, a
similar compression processing 1s performed for the data
compression ratio of 66.7%, except that the number of bits
1s different. In the (1x4) pixel compression, dithering using
a dither matrix 1s performed for each of pixels A to D to
thereby reduce the number of bit planes of the image data of
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plxels A to D. In detail, error data « 1s first added to each of
the image data of pixel A, B, C, and D. In this embodiment,
the error data a of each pixel i1s determined from the
coordinates of the pixel of interest, by using a basic matrix
which 1s a Bayer matrix. The calculation of the error data c.
will be described separately later. In the following, a
description will be made assuming that the error data o
defined for pixels A, B, C and D are 0, 5, 10, and 15,
respectively.

Furthermore, rounding processing are performed to
thereby generate the R ,, G, and B , data, the R 5, G and B,
data, the R -, G~ and B data, and the R, G, and B, data.
It should be noted that rounding processing means adding a
value of 2“"! and then truncating the lower n bits, where n
1s a desired value. When the data compression ratio 1s 50%,
the grayscale value of the B subpixel of pixel D 1s subjected
to a process ol adding a value of 16 and then truncating the
lower five bits, and the other grayscale values are subjected
to a process of adding a value of 8 and then truncating the
lower four bits. When the data compression ratio 1s 66.7%,
on the other hand, the grayscale value of the G subpixels of
pixels A, B and C are subjected to a process of adding a
value of 2 and then truncating the lower two bits, and the
other grayscale values are subjected to a process of adding
a value of 4 and then truncating the lower three bits. The
(1x4) compressed data are generated by attaching a value
“0” as the compression type recognition bit to the R ,, G,
and B , data, the R, G, and B data, the R -, G~ and B . data,
and the R, G, and B, data, which are generated in the
above-described manner.

FIG. 10B 1s a diagram 1illustrating the decompression
method for the (1x4) compressed data. Although FIG. 10B
illustrates the decompression processing for the (1x4) com-
pressed data for the data compression ratio of 50%, a similar
decompression processing 1s performed for the data com-
pression ratio ol 66.7%, except that the number of bits 1s
different.

In the decompression of the (1x4) compressed data, a left
bit shait 1s first performed on the R ,, G, and B , data, the R,
G,, and B, data, the R, G, and B data and the R, G,
and B, data. In detail, the number of bits of the left bat shift
1s the same as the number of bits which are truncated in the
(1x4) pixel compression. That 1s, when the data compression
ratio 1s 50%, the B, data associated with the B subpixel of
pixel D are subjected to a 5-bit left bit shift, and the other
data are subjected to a 4-bit left bit shift. When the data
compression ratio 1s 66.7%, the grayscale values of the G
subpixels of pixels A, B and C are subjected to a 2-bit left
bit shift and the other grayscale values are subjected to a
3-bit left bit shaft.

This 1s followed by subtracting the error data o to
complete the decompression of the (1x4) compressed data.
In this manner, (1x4) decompressed data which indicate the
grayscale levels of the respective subpixels of pixels A to D
are generated. The (1x4) decompressed data are data which
are an approximate reproduction of the original image data.
It would be understood that the original image data of pixels
A to D are approximately reproduced by the above-de-
scribed decompression method by comparing the image data
of pixels A to D 1llustrated 1n FIG. 10B with the image data
of pixels A to D illustrated 1n FIG. 10A.

4-2. (2+1x2) Pixel Compression

FIGS. 11A and 11B are conceptual 1llustrations 1llustrat-
ing the formats of the (2+1x2) compressed data. As
described above, the (2+1x2) pixel compression 1s used 1n
the case that there exists a high correlation between the
image data of two pixels, while the image data of the other
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two pixels have a low correlation with the preceding two
pixels and are mutually low in the correlation. Here, FIG.
11A 1llustrates the format of the compressed data 1n the case
that the data compression ratio of 50% (=12) and FIG. 11B
illustrates the format of the compressed data 1n the case that
the data compression ratio of 66.7% (=243). Except that the
total number of bits and the bit allocation are different, the
basic format 1s common for these data compression ratios.

As 1llustrated 1 FIGS. 11A and 11B, in the present
embodiments, the (2+1x2) compressed data are comprised
of a header including compression type recognition bits;
form recognition data, an R representative value, a G
representative value, a B representative value, a large-small
recognition data, a 3 comparison data, Ri, G1 and Bi1 data,
and Rj, Gy and Bj data.

The compression type recognition bits are data indicative
of the compression method used for the compression pro-
cessing. In the (2+1x2) compressed data, two bits are
allocated to the compression type recognition bits. In the
present embodiments, the value of the compression type
recognition bits of the (2+1x2) compressed data 1s “107.

The form recognition data are 3-bit data indicating which
two pixels out of pixels A to D have a high correlation 1n the
image data. When the (2+1x2) pixel compression 1s used,
there exists a high correlation between the image data of two
pixels and the remaining two pixels have a low correlation
in the 1image data with the other pixels out of pixels A to D.
Consequently, the number of allowed combinations of two
pixels having a high correlation in the 1mage data 1s six as
follows:

Pixels A and C

Pixels B and D

Pixels A and B

Pixels C and D

Pixels B and C

Pixels A and D

The form recogmition data indicate with three bits which of
these six combinations the two pixels having a high corre-
lation 1n the 1mage data belong to.

The R, G and B representative values are indicative of the
grayscale values of the R subpixel, the G subpixel, and the
B subpixel of the two pixels having the high correlation,
respectively. When the data compression ratio 1s 50%, as
illustrated 1n FIG. 11 A, the R and G representative values are
S-bit or 6-bit data and the B representative value 1s 3-bit
data. When the data compression ratio 1s 66.7%, on the other
hand, as illustrated 1n FIG. 11B, the R, G and B represen-
tative values are each 7-bit or 8-bit data.

The p comparison data are indicative of whether or not the
difference between the grayscale values of the subpixels of
the same color of the two pixels having the high correlation
are larger than a predetermined threshold value 3. When the
data compression ratio 1s 50%, the 3 comparison data are
2-bit data indicative of whether or not the difference between
the grayscale values of the R subpixels of the two pixels
having the high correlation and the difference between the
image data of the G subpixels of the two pixels having the
high correlation are larger than the predetermined threshold
value 3. When the data compression ratio 1s 66.7%, on the
other hand, the 3 comparison data are 3-bit data indicative
of whether or not the diflerence between the grayscale
values of the R subpixels of the two pixels having the high
correlation, the difference between the image data of the G
subpixels of the two pixels having the high correlation and
the difference between the image data of the B subpixels of
the two pixels having the high correlation are larger than the

predetermined threshold value 3.
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On the other hand, the large-small recognition data are
data indicative of which of the subpixels of the same color
of the two pixels having the high correlation has a larger
grayscale value. When the data compression ratio 1s 50%,
the large-small recognition data are data indicative of which
R subpixel of the two pixels having the high correlation has
a larger grayscale value and which G subpixel of the two
pixels having the high correlation has a larger grayscale
value. When the data compression ratio 1s 66.7%, the
large-small recogmition data are data indicative of which R
subpixel of the two pixels having the high correlation has a
larger grayscale value, which G subpixel of the two pixels
having the high correlation has a larger grayscale value and
which B subpixel of the two pixels having the high corre-
lation has a larger grayscale value. The large-small recog-
nition data corresponding to the R subpixels are generated
only when the difference of the grayscale values of the R
subpixels of the two pixels having the high correlation 1s
larger than the threshold value p, the large-small recognition
data corresponding to the G subpixels are generated only
when the difference of the grayscale values of the G sub-
pixels of the two pixels having the high correlation 1s larger
than the threshold value 3 and the large-small recognition
data corresponding to the B subpixels are generated only
when the difference of the grayscale values of the B sub-
pixels of the two pixels having the high correlation is larger
than the threshold value 3. Consequently, the large-small
recognition data are data of zero to two bits 1n the case that
the data compression ratio 1s 50% and data of zero to three
bits 1n the case that data compression ratio 1s 66.7%.

The Ri, G1 and Bi1 data and the Rj, Gj and Bj data are
bit-plane reduced data obtained by performing reduction of
the bit planes for the grayscale values of the R, G and B
subpixels of the two pixels having the low correlation. When
the data compression ratio 1s 50%, all of the Ri1, Gi1, and B
data and the Ry, Gj and Bj data are 4-bit data. When the data
compression ratio 1s 66.7%, on the other hand, the G1 and Gj
data are 6-bit data and Ri, Bi, Ry and By data are 5-bit data.

In the following, a description 1s given of (2+1x2) pixel
compression with reference to FIG. 12A. FIG. 12A
describes generation of the (2+1x2) compressed data in the
case that the data compression ratio 1s 50%, the correlation
between the 1mage data of pixels A and B 1s high, the image
data of pixels C and D has a low correlation with the image
data of pixels A and B and the image data of pixels C and
D have a low correlation with each other. It would be easily
understood by the person skilled 1n the art that the (2+1x2)
compressed data can be generated 1n a similar manner when
the data compression ratio 1s 66.7% and when the combi-
nation of the pixels having a high correlation is different.

First, the compression processing ol the image data of
pixels A and B (which have a high correlation) 1s described.
The average values of the grayscale values are first calcu-
lated for the R subpixels, G subpixels and B subpixels,
respectively. The average values Rave, Gave, and Bave of
the grayscale values of the R subpixels, the G subpixels, and
the B subpixels are calculated by the following formula:

Rave=(R +R;+1)/2,
Gave=(G +G3/1)/2, and

bBave=(b +Bp+1)/2.

Furthermore, a comparison 1s made as to whether or not
the difference IR ,—Rz;| of the grayscale values of the R
subpixels of pixels A and B and the difference |G -Gzl of
the grayscale values of the G subpixels are larger than the
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predetermined threshold value 3. When the data compres-
sion ratio 1s 66.7%, a comparison 1s further made as to
whether the difference |B ,—B_| of the grayscale values of
the B subpixels of pixels A and B 1s larger than the
predetermined threshold value 3. The results of these com-
parisons are described in the (2+1x2) compressed data as the
3 comparison data.

Furthermore, the large-small recognition data are gener-
ated by the following procedure. When the difference IR -
R ;| of the grayscale values of the R subpixels of pixels A and
B 1s larger than the threshold value {3, the large-small
recognition data are generated to describe which of the
grayscale values of the R subpixels of pixels A and B 1s
larger. It the difterence IR ,—R ;| of the grayscale values of
the R subpixels of pixels A and B 1s not more than the
threshold value {3, the large-small recognition data are
generated not to describe which of the grayscale values of
the R subplxels of pixels A and B 1s larger. Similarly, when
the difference 1G -Gzl of the grayscale values of the G
subpixels of pixels A and B 1s larger than the threshold value
3, the large-small recognition data are generated to describe
which of the grayscale values of the G subpixels of pixels A
and B 1s larger. If the difference |G G4l of the grayscale
values of the G subpixels of pixels A and B 1s not more than
the threshold value 3, the large-small recognition data are
generated not to describe which of the grayscale values of
the G subpixels of pixels A and B 1s larger. When the data
compression ratio 15 66.7% and the difference |IB ,-B,| of
the grayscale values of the B subpixels of pixels A and B 1s
larger than the threshold value p, the large-small recognition
data are generated to describe which of the grayscale values
of the B subpixels of pixels A and B i1s larger. If the data
compression ratio 1s S0% or 1f the difference |IB ,—B | of the
grayscale values of the B subpixels of pixels A and B 1s not
more than the threshold value {3, the large-small recognition
data are generated not to describe which of the grayscale
values of the B subpixels of pixels A and B 1s larger.

In the example illustrated 1n FIG. 12A, the grayscale
values of the R subpixels of pixels A and B are 50 and 59,
respectively, and the threshold value p 1s 4, while the data
compression ratio 1s 50%. In this case, since the grayscale
value difference IR ,—R ;| 1s larger than the threshold value
3, this fact 1s descrlbed in the [ comparison data, and the fact
that the grayscale value of the R subpixel of pixel B 1s larger
than the grayscale value of the R subpixel of pixel A 1s
described in the large-small recognition data. On the other
hand, the grayscale values of the G subpixels of pixels A and
B are 2 and 1, respectively. Since the grayscale value
difference |G ,—Gjl 1s not more than the threshold value f3,
this fact 1s described in the p comparison data. The large-
small recognition data are generated not to describe which of
the grayscale values of the G subpixels of pixels A and B 1s
larger. As a result, 1n the example of FIG. 12A, the large-
small recognition data are 1-bit data.

Subsequently, error data a are added to the average values
Rave, Gave and Bave of the grayscale values of the R, G and
B subpixels. In the present embodiments, the error data o are
determined from the coordinates of the two pixels of the
relevant combination by using the basic matrix. The calcu-
lation of the error data a will be described later separately.
In the following, a description 1s given assuming that the
error data o defined for pixels A and B are 0 in the present
embodiments.

Furthermore, the R, G and B representative values are
calculated by performing rounding processing. The numeri-
cal values added in the rounding processing and the numbers
of bits truncated 1n the bit truncation processing are deter-
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mined in accordance with the relations of the grayscale
value differences IR ,—R,l, |G -Gzl and |IB ,-Bzl with the
threshold value 3 and the data compression ratio. First, a
description 1s given for the case that the data compression
rat1o 1s 50%. In the case that the data compression ratio 1s
50%, when the grayscale value difference IR ,—R .| of the R
subpixels 1s larger than the threshold value {3, a process of
truncating the lower three bits after adding a value of 5 to the
average value Rave of the grayscale values of the R sub-
pixels 1s performed to calculate the R representative value
for the R subpixels. Otherwise, a process of truncating the
lower two bits after adding a value of 2 to the average value
Rave of the grayscale values of the R subpixels 1s performed
to calculate the R representative value for the R subpixels.
The similar goes for the G subpixels; when the grayscale
value difference |G -Gyl 1s larger than the threshold value
3, a process of truncating the lower three bits after adding a
value of 5 to the average value Gave of the grayscale values
of the G subpixels 1s performed to calculate the G repre-
sentative value. Otherwise, a process of truncating the lower
two bits after adding a value of 2 to the average value Gave
1s performed to calculate the G representative value. In the
example of FIG. 12A, a process of truncating the lower three
bits after adding a value of 5 i1s performed for the average
value Rave of the R subpixels and a process of truncating the
lower two bits after adding a value of 2 for the average value
Gave of the G subpixels. Finally, a process of truncating the
lower three bits after adding a value of 5 to the average value
Bave of the grayscale values of the B subpixels 1s performed
to calculate the B representative value for the B subpixels.

In the case that the data compression ratio 1s 66.7%, on the
other hand, when the grayscale value difference IR ,—R .| of
the R subpixels 1s larger than the threshold value 3, a process
of truncating the lower one bit after adding a value of 2 to
the average value Rave of the grayscale values of the R
subpixels 1s performed to calculate the R representative
value for the R subpixels. Otherwise, the average value Rave
1s calculated as the R representative value as 1t 1s. The
similar goes for the G subpixels and the B subpixels. When
the grayscale value difterence |G -G, 1s larger than the
threshold value 3, a process of truncating the lower one bit
alter adding a value of 2 to the average value Gave of the
grayscale values of the G subpixels 1s performed to calculate
the G representative value. Otherwise, the average value
Gave 1s calculated as the G representative value as 1t 1s.
Furthermore, when the grayscale value difference |IB ,—B |
1s larger than the threshold value {3, a process of truncating
the lower one bit after adding a value of 2 to the average
value Bave of the grayscale values of the B subpixels 1s
performed to calculate the B representative value. Other-
wise, the average value Bave 1s calculated as the B repre-
sentative value as 1t 1s. The above-described procedure

completes the compression processing for pixels A and B.

With respect to the image data of the pixels C and D
(which have the low correlation), on the other hand, the
same processing as the (1x4) pixel compression 1s per-
formed. That 1s, the dithering processing using a dither
matrix 1s independently performed with respect to each of
pixels C and D, thereby reducing the number of bit planes
of the image data of pixels C and D. In detail, the error data
a. are first added to each of the image data of pixels C and
D. As described above, the error data o of each pixel i1s
calculated from the coordinates of the pixel of interest. In the
tollowing, a description will be made assuming that the error
data a defined for pixels C and D are 10 and 15, respectively.

Furthermore, rounding processing 1s performed to gener-

ate the R -, G~ and B data, and the R, G, and B, data. In
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detail, when the data compression ratio 1s 50%, a process of
truncating lower four bits after adding a value of 8 to each
of the grayscale values of the R, G and B subpixels of each
of pixels C and D 1s performed to calculate the R -, G, and
B, data, and the R,, G, and B,, data. When the data
compression ratio 1s 66.7%, on the other hand, a process of
truncating lower three bits after adding a value of 4 to each
of the grayscale values of the R and B subpixels of each of
pixels C and D 1s performed. The R -~ and B - data and the R
and B, data are thus calculated. Furthermore, a process of
truncating lower two bits after adding a value of 2 to each
ol the grayscale values of the G subpixels of each of pixels
C and D 1s performed. The G data and the G, data are thus
calculated.

The (2+1x2) compressed data are generated by attaching
the compression type recognition bits and the form recog-
nition data to the R, G and B representative values, the
large-small recognition data, the 3 comparison data, the R -,
G, and B, data, and the R,, G, and B, data, which are
generated as described above.

FIG. 12B 1s, on the other hand, a diagram 1illustrating the
decompression method of the (2+1x2) compressed data.
FIG. 12B shows the decompression of the (2+41x2) com-
pressed data 1n the case that the data compression ratio 1s
50%, the correlation between the image data of pixels A and
B 1s high, the image data of pixels C and D have a low
correlation with the image data of pixels A and B, and the
correlation of the 1mage data between pixels C and D 1s low
cach other. It would be easily understood by the person
skilled 1n the art that the (2+1x2) compressed data can be
decompressed 1n a similar manner when the data compres-
s1on ratio 1s 66.7% and when the correlation of the pixels 1s
different.

In the decompression processing ol the (2+1x2) com-
pressed data, left bit shifts are first performed for the R, G
and B representative values. It should be noted, however,
that whether or not each left bit shift 1s to be performed 1s
determined based on the relations between the grayscale
level differences IR ,—Rzl, |G ,—Gzl and IB ,—B,l and the
threshold value 3, which are described 1n the 3 comparison
data, and based on the data compression ratio. A description
1s first given on the left bit shift in the case that the data
compression ratio 1s 50%. When the grayscale value difler-
ence IR ,—~Rz| of the R subpixels 1s larger than the threshold
value [3, a 3-bit left bit shift 1s performed for the R repre-
sentative value; otherwise, a 2-bit left bit shift 1s performed.
Correspondingly, when the grayscale value difference |G -
Gzl of the G subpixels 1s larger than the threshold value 3,
a 3-bit left bit shift 1s performed for the G representative
value; otherwise, a 2-bit left bit shuft 1s performed. In the
example of FIG. 12B, a 3-bit left bit shift 1s performed for
the R representative value, and a 2-bit left bit shift 1s
performed for the G representative value. On the other hand,
a 3-bit left bit shift 1s performed for the B representative
value 1independently of the 3 comparison data.

In the case that the data compression ratio 1s 66.7%, on the
other hand, when the grayscale value difference IR ,—R ;| of
the R subpixels 1s larger than the threshold value 3, a 1-bit
left bit shift 1s performed for the R representative value;
otherwise, no left bit shift 1s performed for the R represen-
tative value. Correspondingly, when the grayscale value
difference |G -Gl of the G subpixels 1s larger than the
threshold value P, a 1-bit left bit shift 1s performed for the
G representative value; otherwise, no left bit shift 1s per-
formed for the G representative value. Furthermore, when
the grayscale value difference |B ,—Bz| of the B subpixels 1s

larger than the threshold value 3, a 1-bit left bit shift 1s
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performed for the B representative value; otherwise, no left
bit shift 1s performed for the B representative value.

After the left bit shift processing described above 1s
completed, the error data . are subtracted from the R, G and
B representative values, respectively, and the grayscale
values of the R, G and B subpixels of pixels A and B are then
reproduced from the R, G and B representative values of the
(2+1x2) decompressed data.

In the reproduction of the grayscale values of the R
subpixels of plxels A and B of the (2+1x2) decompressed
data, the 3 comparison data and the large-small recognition
data are used. When the 3 comparison data describe that the
difference IR ,—R | of the grayscale values of the R subpix-
¢ls 1s larger than the threshold value P, a value obtained by
adding a constant value of 5 to the R representative value 1s
reproduced as the grayscale value of the R subpixel which
1s described as being larger between pixels A and B 1n the
large-small recognition data, and a value obtained by sub-
tracting a constant value of 5 from the R representative value
1s reproduced as the grayscale value of the R subpixel which
1s described as being smaller 1n the large-small recognition
data. On the other hand, when the difterence IR ,—R ;| of the
grayscale values of the R subpixels 1s smaller than the
threshold value P, grayscale values of the R subpixels of
pixels A and B are reproduced as being identical to the R
representative value. In the example of FIG. 12B, the
grayscale value of the R subpixel of pixel A 1s reproduced as
the value obtained by subtracting a value of 5 from the R
representative value, and the grayscale value of the R
subpixel of pixel B i1s reproduced as the value obtained by
adding a value of 5 to the R representative value. Similar
processing 1s performed by using the p comparison data and
the large-small recognition data for the reproduction of the
grayscale values of the G subpixels of pixels A and B. In the
example of FIG. 12B, the values of the G subpixels of pixels
A and B are both reproduced as being identical to the G
representative value.

When the data compression ratio 1s 66.7%, similar pro-
cessing 1s also performed by using the [ comparison data
and the large-small recognition data in the reproduction of
the grayscale values of the B subpixels of pixels A and B.
When the data compression ratio 1s 50%, on the other hand,
the values of the B subpixels of pixels A and B are
reproduced as being 1dentical to the B representative value,
irrespective of the p comparison data and the large-small
recognition data; the 3 comparison data and the large-small
recognition data do not exist for the B subpixels of pixels A
and B.

The above-described procedure completes the reproduc-
tion of the grayscale values of the R subpixels, the G
subpixels, and the B subpixels of pixels A and B.

In the decompression processing regarding the image data
of pixels C and D (having a low correlation), on the other
hand, processing similar to the above-described decompres-
s1on processing for the (1x4) compressed data 1s performed.
When the data compression ratio 1s 50%, a 4-bit left bat shait
1s first performed for each of the R -, G~ and B~ data, and the
R,, G, and B,, data in the decompression processing
regarding the 1image data of pixels C and D. The subtraction
of error data ¢ 1s then performed, and as a result, the
grayscale values of the R subpixels, the G subpixels and the
B SllbplXE:lS of plxels C and D are reproduced. When the data
compression ratio 1s 66.7%, a 3-bit left bit shift 1s first
performed for each of the R -~ and B data and the R, and B,
data and a 2-bat left bit shift 1s performed for each of the G
and G, data. The subtraction of error data a 1s then per-

10

15

20

25

30

35

40

45

50

55

60

65

24

formed, and as a result, the grayscale values of the R
subpixels, the G subpixels and the B subpixels of pixels C
and D are reproduced.

The above-described procedure completes the reproduc-
tion of the grayscale values of the R subpixels, the G
subpixels, and the B subpixels of pixels C and D. The
grayscale values of the R subpixels, the C subpixels, and the
B subpixels of pixels C and D are reproduced as 8-bit values.
4-3. (2x2) Pixel Compression

FIGS. 13A and 13B are conceptual illustrations 1llustrat-
ing the format of the (2x2) compressed data. As described
above, the (2x2) pixel compression 1s used 1n the case that
there exists a high correlation between the image data of the
two pixels, and there exists a high correlation between the
image data of the other two pixels. Here, FIG. 13 A 1llustrates
the format of the compressed data in the case that the data
compression ratio of 50% (=1/2) and FIG. 13B illustrates the
format of the compressed data in the case that the data
compression ratio ol 66.7% (=2/3). Except that the total
number of bits and the bit allocation are different, the basic
format 1s common for these data compression ratios.

In the present embodiments, (2x2) compressed data are
composed of: compression type recognition bits, form rec-
ognition data, a R representative value #1, a G representative
value #1, a B representative value #1, an R representative
value #2, a G representative value #2, a B representative
value #2, a large-small recognition data, and 3 comparison
data.

The compression type recognition bits are data indicating,
the compression method used for the compression process-
ing, and three bits are allocated to the compression type
recognition bits 1n the (2x2) compressed data. In the present
embodiments, the value of the compression type recognition
bits of the (2x2) compressed data 1s “1107.

The form recognition data are two-bit data indicating

which two pixels out of pixels A to D have a high correlation
in the image data. When the (2x2) pixel compression 1s used,
there exists a high correlation between the image data of two
pixels out of out of pixels A to D, and there exists a high
correlation between the image data of the other two pixels.
Consequently, the allowed combinations of two pixels hav-
ing a high correlation in the image data are the following
three combinations:
There exists a high correlation between pixels A and B,
and there exists a high correlation between pixels C and D.
There exists a high correlation between pixels A and C,
and there exists a high correlation between pixels B and D.
There exists a high correlation between pixels A and D,
and there exists a high correlation between pixels B and C.
The form recognition data indicate by two bits which
combination 1s the case out of these three combinations.

The R representative value #1, the G representative value
#1, and the B representative value #1 represent the grayscale
values of the R subpixels, the G subpixels, and the B
subpixels of one set of two pixels, respectively, and the R
representative value #2, the G representative value #2, and
the B representative value #2 represent the grayscale values
of the R subpixels, the G subpixels, and the B subpixels of
the other set of two pixels, respectively. As shown 1n FIG.
13A, when the data compression ratio 1s 50%, the R repre-
sentative value #1, G representative value #1, the B repre-
sentative value #1, the R representative value #2, and the B
representative value #2 are 5-bit or 6-bit data, and the G
representative value #2 are 6-bit or 7-bit data. When the data
compression ratio 1s 66.7%, on the other hand, as shown 1n
FIG. 13B, the R representative value #1, G representative

value #1, the B representative value #1, the R representative
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value #2, and the G representative value #2 are 8-bit or 9-bit
data, and the B representative value #2 are 7-bit or 8-bit data.

The [ comparison data indicate whether the difference of
the grayscale values of the R subpixels of two pixels having
a high correlation, the difference of the image data of the G
subpixels of the two pixels having a high correlation, and the
difference of the image data of the B subpixels of the two
pixels are larger than the predetermined threshold value p. In
the present embodiments, the 3 comparison data of the (2x2)
compressed data are 6-bit data in which three bits are
allocated to each of the two pairs of pixels. On the other
hand, the large-small recognition data indicate which of the
R subpixels of the two pixels having a high correlation has
a larger grayscale value, which of the G subpixels of the two
pixels having a high correlation has a larger grayscale value,
and which of the B subpixels of the two pixels having a high
correlation has a larger grayscale value. The large-small
recognition data associated with the R subpixels are gener-
ated only when the difference of the grayscale values of the
R subpixels of the two pixels having a high correlation 1s
larger than the threshold value p, the large-small recognition
data associated with the G subpixels are generated only
when the difference of the grayscale values of the G sub-
pixels of the two pixels having a high correlation 1s larger
than the threshold value [3, the large-small recognition data
associated with the B subpixels are generated only when the
difference of the grayscale values of the B subpixels of the
two pixels having a high correlation 1s larger than the
threshold value 3. Accordingly, the large-small recognition
data of the (2x2) compressed data are 0- to 6-bit data.

In the following, a description 1s given of the (2x2) pixel
compression with reference to FIG. 14A. FIG. 14A
describes generation of the (2x2) compressed data in the
case that the data compression ratio 1s 50%, the correlation
between the 1image data of pixels A and B 1s high and the
correlation between the image data of pixels C and D 1s high.
It would be easily understood by the person skilled 1n the art
that the (2x2) compressed data can be generated 1n a similar
manner when the data compression ratio 1s 66.7% and when
the correlation among the pixels 1s difierent.

First, the average values of the grayscale values are
calculated with respect to the R subpixels, the G subpixels,
and the B subpixels, respectively. The average values Ravel,
Gavel, and Bavel of the grayscale values of the R subpixels,
G subpixels, and the B subpixels of pixels A and B, and the
average values Rave2, Gave2, and Bave2 of the grayscale
values of the R subpixels, G subpixels, and the B subpixels
of pixels C and D are calculated by the following formula:

Ravel=(R +Rpl)/2,
Gavel=(G +Gpz+1)/2,
Bavel=(B +Bx+1)/2,
Rave2=(R +Rp+1)/2,
Gavel=(G +Gz+1)/2,

Bavel=(B +Bz+1)/2.

Furthermore, comparisons are made as to whether the
difference IR ,—R ;| of the grayscale values of the R subpix-
els of pixels A and B, the difference |G -Gzl of the
grayscale values of the G subpixels, and the diflerence
B ,—Bjl of the grayscale values of the B subpixels are larger
than the predetermined threshold value p. Similarly, com-
parisons are made as to whether the difference IR ~—~R 5| of
the grayscale values of the R subpixels of pixels C and D,
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the difference 1G,.-G,l| of the grayscale values of the G
subpixels, and the difference IB.~B,| of the grayscale
values of the B subpixels are larger than the predetermined
threshold value . The results of these comparisons are
described 1n the (2x2) compressed data as the p comparison
data.

Furthermore, the large-small recognition data are gener-
ated for the combination of pixels A and B and the combi-
nation of pixels C and D, respectively.

In detail, the large-small recognition data are generated to
describe which of the R subpixels of pixels A and B has a
larger grayscale value, when the difference IR ,—Rz| of the
grayscale values of the R subpixels of pixels A and B 1s
larger than the threshold value . When the difference
IR ,—R ;| of the grayscale values of the R subpixels of pixels
A and B 1s not more than the threshold value 3, the relation
of the grayscale values of the R subpixels of pixels A and B
1s not described 1n the large-small recognition data. Simi-
larly, the large-small recognition data are generated to
describe which of the G subpixels of pixels A and B has a
larger grayscale value, when the difference |G ~G,l of the
grayscale values of the G subpixels of pixels A and B 1s
larger than the threshold value p. When the difference
|G ,—G 5l of the grayscale values of the G subpixels of pixels
A and B 1s not more than the threshold value {3, the relation
of the grayscale values of the G subpixels of pixels A and B
1s not described in the large-small recognition data. In
addition, the large-small recognition data are generated to
describe which of the B subpixels of pixels A and B has a
larger grayscale value [3, when the difference |B ,-B,| of the
grayscale values of the B subpixels of pixels A and B 1s
larger than the threshold value p. When the diflerence
IB ,—B | of the grayscale values of the B subpixels of pixels
A and B 1s not more than the threshold value {3, the relation
of the grayscale values of the B subpixels of pixels A and B
1s not described 1n the large-small recognition data.

Similarly, the large-small recognition data are generated
to describe which of the R subpixels of pixels C and D has
a larger grayscale value, when the difference IR ~—R | of the
grayscale values of the R subpixels of pixels C and D 1s
larger than the threshold value . When the difference
IR ~R | of the grayscale values of the R subpixels of pixels
C and D 1s not more than the threshold value 3, the relation
of the grayscale values of the R subpixels of pixels C and D
1s not described 1n the large-small recognition data. Simi-
larly, the large-small recognition data are generated to
describe which of the G subpixels of pixels C and D has a
larger grayscale value, when the difference |G —~G5l of the
grayscale values of the G subpixels of the plxels C and D 1s
larger than the threshold value p. When the difference
|G —~Gpl of the grayscale values of the G subpixels of pixels
C and D 1s not more than the threshold value {3, the relation
of the grayscale values of the G subpixels of pixels C and D
1s not described in the large-small recognition data. In
addition, the large-small recognition data are generated to
describe which of the B subpixels of pixels C and D has a
larger grayscale value, when the difference |IB~B,l of the
grayscale values of the B subpixels of pixels C and D 1s
larger than the threshold value p. When the diflerence
|B-~B,l of the grayscale values of the B subpixels of pixels
C and D 1s not more than the threshold value {3, the relation
of the grayscale values of the B subpixels of the pixels C and
D 1s not described 1n the large-small recognition data.

In the example of FIG. 14A, the grayscale values of the
R subpixels of pixels A and B are 50 and 59, and the
threshold values {3 thereof are 4, respectively. In this case,
since the grayscale value difference IR ,—R 3| 1s larger than
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the threshold value {3, this fact 1s described i the § com-
parison data, and the fact that the grayscale value of the R
subpixel of pixel B 1s larger than the grayscale value of the
R subpixel of pixel A 1s described 1n the large-small recog-
nition data. On the other hand, the grayscale values of the G
subpixels of pixels A and B are 2 and 1, respectively. In this
case, since the grayscale value difference |G ,—Ggl 15 not
more than the threshold value f3, fact 1s described 1n the p
comparison data. The relation of the grayscale values of the
G subpixels of pixels A and B 1s not described in the
large-small recognition data. Furthermore, the grayscale
values of the B subpixels of pixels A and B are 30 and 39,
respectively. In this case, since the grayscale value |IB ,—B |
1s larger than the threshold value (3, this fact 1s described 1n
the p comparison data, and the fact that the grayscale value
of the B subpixel of pixel B 1s larger than the grayscale value
of the B subpixel of pixel A 1s described 1n the large-small
recognition data.

Furthermore, the grayscale values of the R subpixels of
pixels C and D are 100, respectively. In this case, since the
grayscale value difference IR ~R,| 1s not more than the
threshold value {3, this fact 1s described 1n the 3 comparison
data. The relation of the grayscale values of the G subpixels
of pixels C and D 1s not described in the large-small
recognition data. Furthermore, the grayscale values of the G
subpixels of pixels C and D are 80 and 85, respectively. In
this case, since the grayscale value difference |G ,—Gjl 1s
larger than the threshold value p, this fact 1s described 1n the
3 comparison data. Furthermore, the fact that the grayscale
value of the G subpixel of pixel D 1s larger than the grayscale
value of the G subpixel of pixel C 1s described 1n the
large-small recognition data. Besides, the grayscale values
of the B subpixels of pixels C and D are 8 and 2, respec-
tively. In this case, since the grayscale value difference
IB-~B,l 1s larger than the threshold value 3, this fact 1s
escribed 1n the p comparison data. Furthermore, the fact
nat the grayscale value of the B subpixel of pixel C 1s larger
nan the grayscale value of the B subpixel of pixel D is
escribed 1n the large-small recognition data.

Furthermore, error data o are added to the average values
Ravel, Gavel, and Bavel of the grayscale values of the R
subpixels, the G subpixels, and the B subpixels of pixels A
and B, and the average values Rave2, Gave2, and Bave2 of
the grayscale values of the R subpixels, the C subpixels, and
the B subpixels of pixels C and D. In the present embodi-
ments, the error data o are determined by using a basic
matrix which 1s a Bayer matrix from the coordinates of the
two pixels of each combination. The calculation of the error
data a will be described separately later. In the following, a
description 1s given below assuming that the error data o
defined for pixels A and B are O 1n the present embodiments.

This 1s followed by rounding and bit truncation process-
ing to thereby calculate the R representative value #1, the G
representative value #1, the B representative value #1, the R
representative value #2, the G representative value #2, and
the B representative value #2. The rounding and bit trunca-
tion processing are dependent on the data compression ratio.
A description 1s first given of the case that the data com-
pression ratio 1s 50%. When the data compression ratio 1s
50%, the numerical value to be added and the number of bits
to be truncated in the rounding and bit truncation processing,
for pixels A and B are determined to be two or three bits 1n
accordance with the relation between the grayscale value
differences IR ,—R |, 1G ,—G4l, and |IB ,—Bgl and the thresh-
old value p. With respect to the R subpixels, the R repre-
sentative value #1 1s calculated by truncating the lower three
bits after adding a value of 4 to the average value Ravel of
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the grayscale values of the R subpixels, when the difference
IR ,—R ;| of the grayscale values of the R subpixels 1s larger
than the threshold value 3. Otherwise, the R representative
value #1 1s calculated by truncating the lower two bits after
adding a value of 2 to the average value Ravel. As a result,
the R representative value #1 1s calculated as 5-bit or 6-bit
data. The same goes for the G subpixels and the B subpixels.
The G representative value #1 1s calculated by truncating
lower three bits after adding a value of 4 to the average value
Gavel of the grayscale values of the G subpixels, when the
grayscale value difference |G ,—Gl 1s larger than the thresh-
old value p. Otherwise, the G representative value #1 1s
calculated by truncating the lower two bits after adding a
value of 2 to the average value Gavel. Furthermore, the B
representative value #1 1s calculated by truncating the lower
three bits after adding a value of 4 to the average value
Bavel of the grayscale values of the B subpixels, when the
grayscale value diflerence |B ,—B | 1s larger than the thresh-
old value {3. Otherwise, the B representative value #1 1s
calculated by truncating the lower two bits after adding a
value of 2 to the average value Bavel.

When the data compression ratio 1s 66.7%, on the other
hand, rounding and bit truncation processing are not per-
formed for any of the R subpixels, the G subpixels and the
B subpixels of pixels A and B. The average values Ravel,
Gavel, and Bavel of the grayscale values of the R subpixels,
G subpixels, and the B subpixels are calculated and used as
the R representative value #1, the G representative value #1
and the B representative value #1, respectively, as they are.

In the example of FIG. 14A, in which the data compres-
s10on ratio 1s determined as 50%, the R representative value
#1 1s calculated by truncating the lower three bits after
adding a value of 4 to the average value Ravel of the R
subpixels of pixels A and B. Furthermore, the G represen-
tative value #1 1s calculated by truncating the lower two bits
alter adding a value of 2 to the average value Gavel of the
G subpixels of pixels A and B. Furthermore, the B repre-
sentative value #1 1s calculated by truncating the lower three
bits after adding a value of 4 to the average value Bavel of
the grayscale values of the B subpixels of pixels A and B.

The same processing 1s also performed for the combina-
tion of pixels C and D to calculate the R representative value
#2, the G representative value #2 and the B representative
value #2. It should be noted, however, that, with respect to
the G subpixels of pixels C and D 1n the case that the data
compression ratio 1s 50%, the numerical value added in the
rounding processing and the number of bits truncated 1n the
bit truncation processing are one bit or two bits. When the
difference |G —~G .| of the grayscale values 1s larger than the
threshold value p, the G representative value #2 1s calculated
by truncating the lower two bits after adding a value of 2 to
the average value Gave2 of the grayscale values of the G
subpixels. Otherwise, the G representative value #2 1s cal-
culated by truncating the lower one bit after adding a value
of 1 to the average value Gave?2.

In the example of FIG. 14A, in which the data compres-
s1on ratio 1s S0%, the R representative value #2 1s calculated
by truncating the lower two bits after adding a value of 2 to
the average value Rave 2 of the R subpixels of pixels C and
D. Furthermore, the G representative value #2 1s calculated
by truncating the lower three bits after adding a value of 4
to the average value Gave2 of the G subpixels of pixels C
and D. Furthermore, with respect to the B subpixels of pixels
C and D, the B representative value #2 1s calculated by
truncating the lower three bits after adding a value of 4 to the
average value Bave2 of the grayscale values of the B
subpixels.
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The above-described procedure completes the compres-
s1on processing by the (2x2) pixel compression.

FIG. 14B 1s, on the other hand, a diagram illustrating the
decompression method of the compressed image data gen-
crated by the (2x2) pixel compression. FIG. 14B describes
the decompression of the (2x2) Cempressed data in the case
that the data compression ratio 1s 50%, the correlation
between the image data of pixels A and B 1s high, and the
correlation of the image data between pixels C and D 1s high.
It would be easily understood by the person skilled 1n the art
that the (2x2) compressed data can be decompressed 1n a
similar manner when the data compression ratio 1s 66.7%
and when the correlation of the pixels 1s diflerent.

First, left bit shifts are performed for the R representative
value #1, the G representative value #1, and the B repre-
sentative value #1. The number of bits of the left bit shift
processing 1s determined 1n accordance with the relation of
the grayscale value differences IR ,—-Rzl, |G ,—Gzl, and |B ,—
B .| with the threshold value [ described 1n the 3 comparison
data and the data compression ratio. A description 1s given
first of the case that the data compression ratio 1s 50%. In the
case that the data compression ratio 1s 50%, when the
difference IR ,—R ;| of the grayscale values of the R subpix-
els of pixels A and B 1s larger than the threshold value p, a
3-bit left bit shift 1s performed for the R representative value
#1; otherwise, a 2-bit left bit shift 1s performed. Similarly,
when the difference |G ,—G4l of the grayscale values of the
G subpixels of pixels A and B 1s larger than the threshold
value [, a 3-bit left bit shift 1s performed for the G repre-
sentative value #1; otherwise, a 2-bit left bit shift 1s per-
formed. Furthermore, when the difference |B ,-B.| of the
grayscale values of the B subpixels of pixels A and B 1s
larger than the threshold value 3, a 3-bit left bit shift i1s

performed for the B representative value #1; otherwise, a
2-bit left bit shift 1s performed. In the example of FIG. 14B,

a 3-bit left bit shift 1s performed for the R representative
value #1, a 2-bit left bit shift 1s performed for the G
representative value #1, and a 3-bit left bit shift 1s performed
for the B representative value #1. In the case that the data
compression ratio 1s 66.7%, on the other hand, no left bat
shift 1s performed.

Similar left bit shifts are performed also for the R repre-
sentative value #2, the G representative value #2, and the B
representative value #2. It should be noted, however, that the
number of bits of the left bit shift processing of the G
representative value #2 1s selected from one bit or two bits
in the case that the data compression ratio 1s 50%. When the
difference 1G—Gp,l of the grayscale values of the G sub-
pixels of pixels C and D 1s larger than the threshold value 3,
a 2-bit left bit shuft 1s performed for the G representative
value #2; otherwise, a 1-bit lett bit shiit 1s performed. In the
example of FIG. 14B, a 2-bit left bit shift 1s performed for
the R representative value #2, a 2-bit left bit shift 1s
performed for the G representative value #2, and a 3-bit left
bit shift 1s performed for the B representative value #2.

Furthermore, after subtracting the error data o from each
of the R representative value #1, the G representative value
#1, the B representative value #1, the R representative value
#2, the G representative value #2, and the B representative
value #2, the grayscale values of the R, G, and B subpixels
of pixels A and B and the grayscale values of the R, G and
B subpixels of pixels C and D are reproduced from the R
representative value #1, the G representative value #1, the B
representative value #1, the R representative value #2, the G
representative value #2, and the B representative value #2.

In the reproduction of the grayscale values, the compari-
son data and the large-small recognition data are used. When
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the fact that the difference IR ,—R | of the grayscale values
of the R subpixels of pixels A and B 1s larger than the
threshold value 3 described 1n the 3 comparison data, a value
obtained by adding a constant value of 5 to the R represen-
tative value #1 1s reproduced as the grayscale value of the R
subpixel which 1s described 1n the large-small recognition
data as having a larger grayscale value out of the R subpixels
of pixels A and B, and a value obtained by subtracting a
constant value of 5 from the R representative value #1 1s
reproduced as the grayscale value of the R subpixel which
1s described in the large-small reeegmtlon data as having a
smaller grayscale value. When the difference IR ,—R .| of the
grayscale values of the R subpixels of pixels A and B 1s
smaller than the threshold value P, the grayscale values of
the R subpixels of pixels A and B are reproduced as being
identical to the R representative value #1. Similarly, the
grayscale values of the G subpixels and the B subpixels of
pixels A and B, and the grayscale values of the R subpixels,
the G subpixels, and the B subpixels of pixels C and D are
also reproduced by the same procedure.

In the example of FIG. 14B, the grayscale value of the R
subpixel of pixel A 1s reproduced as the value obtained by
subtracting a value of 5 from the R representative value #1,
and the grayscale value of the R subpixel of pixel B 1is
reproduced as the value obtained by adding a value of 5 from
the R representative value #1. Furthermore, the grayscale
values of the G subpixels of pixels A and B are reproduced
as being i1dentical to the G representative value #1. Further-
more, the grayscale value of the B subpixel of pixel A 1s
reproduced as the value obtained by subtracting a value of
> from the B representative value #1, and the grayscale value
of the B subpixel of pixel B 1s reproduced as the value
obtained by adding a value of 5 from the B representative
value #1. On the other hand, the grayscale values of the R
subpixels of pixels C and D are reproduced as being 1den-
tical to the R representative value #2. Furthermore, the
grayscale value of the G subpixel of pixel C is reproduced
as the value obtained by subtracting a value of 5 from the G
representative value #2, and the grayscale value of the G
subpixel of the pixel D 1s reproduced as the value obtained
by adding a value of 5 to the G representative value #2.
Furthermore, the grayscale value of the B subpixel of pixel
C 1s reproduced as the value obtained by adding a value of
5 to the G representative value #2, and the grayscale value
of the B subpixel of the pixel D 1s reproduced as the value
obtained by subtracting a value of 5 from the G represen-
tative value #2.

The above-described procedure completes the reproduc-
tion of the grayscale values of the R subpixels, the G
subpixels, and the B subpixels of pixels A to D. It would be
understood from comparison of the image data of pixels A
to D 1n the right column of FIG. 14B with the image data of
pixels A to D in the left column of FIG. 14 A that the original
image data of pixels A to D are approximately reproduced by
the above-described decompression method.

4-4. (4x1) Pixel Compression

FIGS. 15A and 15B are conceptual 1llustrations 1llustrat-
ing the format of the (4x1) compressed data. As described
above, the (4x1) pixel compression 1s used 1n the case that
there exists a high correlation among the 1image data of the
four pixels of the target block. Here, FIG. 15A 1llustrates the
format of the compressed data in the case that the data
compression ratio of 50% (=1/2) and FIG. 15B illustrates the
format of the compressed data in the case that the data
compression ratio ol 66.7% (=2/3). Except that the total
number of bits and the bit allocation are different, the basic

format 1s common for these data compression ratios.
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As shown 1 FIGS. 15A and 15B, 1n the present embodi-
ments, the (4x1) compressed data include compression type
recognition bits and the following seven data: Ymin, Y distO
to Ydist2, address data, Cb' and Cr', and when the data
compression ratio 1s 66.7%, further includes a 1-bit pudding
data.

The compression type recognition bits are data indicating,
the compression method used for the compression process-
ing, and four bits are allocated to the compression type
recognition bits 1n the present embodiments.

Ymin, YdistO to Ydist2, the address data, Cb' and Cr' are
obtained by converting the image data of the four pixels of
the target block mto YUV data from RGB data, and per-
forming compression processing on the YUV data. Here,
Ymin and Ydist to Ydist2 are obtained from the brightness
data of the YUV data of four pixels of the target block, and
Cb' and Cr' are obtained from the color difference data.
Ymin, YdistO to Ydist2, Cb' and Cr' are the representative
values of the image data of the four pixels of the target
block. When the data compression ratio 1s 50%, as shown in
FIG. 15A, 10 bits are allocated to Ymin, four bits are
allocated to each of YdistO to Ydist2, two bits are allocated
to the address data, and 10 bits are allocated to each of Cb'
and Cr'. When the data compression ratio 1s 66.7%, on the
other hand, as shown 1in FIG. 15B, 12 bits are allocated to
Ymin, seven bits are allocated to each of YdistO to Ydist2,
two bits are allocated to the address data, 12 bits are
allocated to each of Cb' and Cr', and one bit 1s allocated to
the pudding data. The pudding data 1s data used for adjusting
the number of bits of the compressed data.

In the following, a description 1s given of (4x1) pixel
compression with reference to FIG. 16A. First, the bright-
ness data Y and the color difference data Cr and Cb are
calculated by the following matrix calculation with respect
to each of pixels A to D:

Y ] [l 2 1 Re
CF;( =10 -1 1 Gk
Ch | 1 -1 0] By

where Y, 1s the brightness data of the pixel k, and Cr, and
Cb, are the color difference data of the pixel k. R,, G, and
B, are the grayscale values of the R subpixel, the G subpixel,
and the B subpixel of pixel k, respectively, as described
above.

Further, Ymin, YdistO to Ydist2, the address data, Cb' and
Cr' are generated from the brightness data Y,, the color
difference data Cr, and Cb,, of pixels A to D.

Ymin 1s defined as the minimum value of the brightness
dataY , to Y, (minimum brightness data). Further, YdistO to
Ydist2 are generated by performing truncating two bits of
the difference between the other brightness data and the
mimmum brightness data Ymin. The address data are gen-
crated as data indicating which has the minimum value

among the brightness data of pixels A to D. In the example
of FIG. 16 A, Ymin and the YdistO to Ydist2 are calculated

by the following formula:

Ymin=Y,=4,

YdistO=(¥ ,— ¥min)>>2=(48-4)>>2=11,

Ydistl=(¥5—- ¥Ymin)>>2=(28-4)>>2=6, and

Ydist2=(¥ — Ymin)>>2=(16-4)>>2=3
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where “>>2"" 1s an operator indicative of 2-bit truncation.
The fact that the brightness data Y ,, have the minimum value
1s described 1n the address data.

Further, Cr' 1s generated by 1-bit truncation from the sum
of the Cr, to Crp. Smmilarly, Cb' 1s generated by 1-bit
truncation from the sum of Cb , to Cb,. In the example of
FIG. 16A, Cr' and Cb' are calculated by the following

formula:

Cr' =(Cra + Crg+ Cre + Crp) >> 1,
=2+1-1+1)>>1 =1,

Cb' =(Cby +Chg +Che + Cbp) >> 1, and
=(-2-14+1-1>>1=-1,

where “>>1" 1s an operator imndicating 1-bit truncation. The
above-described procedure completes the generation of the
(4x1) compressed data.

On the other hand, FIG. 16B 1s a diagram illustrating a
method of generating (4x1) decompressed data by decom-
pressing the (4x1) compressed data. In the decompression of
the (4x1) compressed data, the brightness data of each of
pixels A to D are first reproduced from Ymin and YdistO to
Ydist2. In the following, the reproduced brightness data of
pixels Ato D are referredtoas Y ' to Y ', respectively. More
specifically, the value of the minimum brightness data Ymin
1s used as the brightness data of the pixel which 1s described
as having the mimmimum value 1n the address data. Further-
more, the brightness data of the other pixels are reproduced
by adding the minimum brightness data Ymin after perform-
ing 2-bit left bit shifts on YdistO to Ydist2. In this embodi-
ment, the brightness data Y ' to Y ;' are reproduced by the
following formula:

Y /=YdistOx4+Ymin=44+4=48,
Yp'=Ydist1x4+Ymin=24+4=28,
Y- '=Ydist2x4+¥Ymin=12+4=16, and

Y, '=¥Ymin=4.

Furthermore, the grayscale values of the R, G and B
subpixels of pixels A to D are reproduced from the bright-
ness data’Y ' to Y ' and the color difference data Cr' and Cb'

by the following matrix operation:

"‘R,1 1 -1 37 Y
(G, |=11 -1 -1 Cr >> 2,
By | 3 =1jcb

where “>>2" 1s an operator indicating 2-bit truncation. As
can be understood from the above formula, the color dif-
terence data Cr' and Cb' are used 1n common 1n the repro-
duction of the grayscale values of the R, G and B subpixels
of pixels A to D.

The above-described procedure completes the reproduc-
tion of the grayscale values of the R subpixels, the G
subpixels, and B subpixels of pixels A to D. It would be
understood that the original 1image data of pixels A to D are
approximately reproduced by the above-described decom-
pression method by comparing the values of the (4x1)
decompressed data of pixels A to D illustrated in the right
column of FIG. 16B with the original image data of pixels

A to D 1llustrated in the left column of FIG. 16A.
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4-5. Calculation of Error Data

In the following, a description 1s given of the calculation
of the error data o used 1n the (1x4) pixel compression, the
(2+1x2) pixel compression, and the (2x2) pixel compres-
S1011.

The error data a used for the bit plane reduction process-
ing performed on each pixel, which 1s performed 1n the
(1x4) pixel compression and the (2+1x2) pixel compression,
are calculated from the basic matrix illustrated in FIG. 17
and the coordinates of the respective pixels. The basic
matrix 1s a matrix which describes the relation of the lower
two bits x1 and x0 of the x coordinate of the pixel and lower
two bits y1 and y0 of the v coordinate with a basic value Q)
of the error data a.; the basic value Q 1s a value used as a seed
of the calculation of the data c.

In detail, the basic value Q 1s extracted from the matrix
clements of the basic matrix based on the lower two bits x1
and x0 of the x coordinate of the pixel of interest and the
lower two bits y1 and y0 of the v coordinate. For example,
when the bit-plane reduction processing 1s performed on
pixel A and the lower two bits of the x and y coordinates of
the pixel A are <007, “15” 1s extracted as the basic value Q.

Furthermore, the following calculation i1s performed on
the basic value QQ 1n accordance with the number of bits of
the bit truncation processing which follows the bit-plane
reduction processing, to thereby calculate the error data a:

a=0x2, (for the case when the number of bits of the
bit truncation processing is five)

a=0, (for the case when the number of bits of the
bit truncation processing is four) and

a=0/2, (for the case when the number of bits of the
bit round-off processing is three).

On the other hand, the error data . used for the calculation
of the representative values of the image data of the two
pixels having a high correlation 1n the (2+1x2) pixel com-
pression and the (2x2) pixel compression are calculated
from the basic matrix shown 1in FIG. 17, and the second
lowest bits x1 and y1 of the x and vy coordinates of the two
pixels of interest. In detail, one of the pixels of the target
block 1s first selected as the pixel used for the extraction of
the basic value Q 1n accordance with the combination of the
two pixels of interest in the target block. The pixel used for
the extraction of the basic value Q 1s referred to as Q
extraction pixel, hereinafter. The relation of the combination
of the two pixels of interest with the QQ extraction pixel 1s as
follows:
The Q extraction pixel 1s pixel A when the two pixels of
interest are pixels A and B.

The Q extraction pixel 1s pixel A when the two pixels of
interest are pixels A and C.

The Q extraction pixel 1s pixel A when the two pixels of
interest are pixels A and D.

The Q extraction pixel 1s pixel B when the two pixels of
interest are pixels B and C

The Q extraction pixel 1s pixel B when the two pixels of
interest are pixels B and D.

The Q extraction pixel i1s pixel B when the two pixels of
interest are pixels C and D.

Furthermore, the basic value ) associated with the Q
extraction pixel 1s extracted from the basic matrix 1 accor-
dance with the second lowest bits x1 and y1 of the x and y
coordinates of the two pixels of interest. For example, when
the two pixels of interest are pixels A and B, the Q extraction
pixel 1s pixel A. In this case, out of the four basic values )
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associated with pixel A in the basic matrix, the basic value
Q finally used 1s selected as follows 1n accordance with x1
and y1:

O=15, (for x1=p1="0"")
O=01, (for x1="1",y1="0")
O=07, (for x1="0",y1="1"") and

0=13(x1=p1="1").

Furthermore, the following calculation 1s performed on
the basic value Q 1n accordance with the number of bits of
the bit truncation processing which follows the calculation
ol the representative values to thereby calculate the error
data o. used for the calculation processing of the represen-
tative values of the image data of the two pixels having a
high correlation:

a=0/2, (for a case when the number of bits of the
bit truncation processing 1s three)

a=0/4, (for a case when the number of bits of the
bit round-oil processing is two) and

a=0/8 (for a case when the number of bits of the bit
round-off processing is one).

For example, when the two pixels of interest are pixels A
and B, x1=y1="1”, and the number of bits of the bait
truncation processing 1s three, the error data a are deter-
mined as follows:

0=13, and

a=13/2=6.

It should be noted that the calculation method of the error
data ¢ 1s not limited to the above-described method. For
example, another matrix which 1s a Bayer matrix may be
used as the basic matrix instead.

Although various embodiments of the present invention
have been described above, the present invention shall not
be interpreted as bemng limited to the above-described
embodiments. For example, although liquid crystal display
devices provided with a liqud crystal display panel are
presented 1n the above-described embodiments, 1t would be
apparent to the person skilled in the art that the present
invention 1s applicable also to display apparatuses including
other display devices.

Furthermore, although the target block 1s defined as pixels
arranged 1n one row and four columns in the above-de-
scribed embodiments, the target block may be defined as
four pixels with an arbitrary arrangement. As illustrated 1n
FIG. 18, for example, the target block may be defined as
pixels arranged 1n two rows and two columns. Also 1n this

case, the above-described processing 1s also applicable by
defining pixels A, B, C and D as shown in FIG. 18.

DESCRIPTION OF NUMERALS

: liquad crystal display apparatus
: liquad crystal display panel

. timing control circuit

. driver

. gate line drive circuit

. serial signal line

. clock signal line

11: compression circuit

12: serial transmission circuit

13: PLL circuit
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, 14A: senal receiving circuit

decompression circuit

display latch section

data line driver circuit

PLL circuit

phase comparator

VCO

, 123: frequency divider

3a: frequency dividing ratio adjustment circuit

form recognition section

(1x4) pixel compression section

(2+1x2) pixel compression section

(2x2) pixel compression section

(4x1) pixel compression section

compressed data selection section

form recognition section

(1x4) pixel decompression section

(2+1x2) pixel decompression section

(2x2) pixel decompression section

(4x1) pixel decompression section

image processing apparatus

Processor

memory

external 1nput interface

a. compression circuit

. bus

The 1nvention claimed 1s:

1. A display apparatus, comprising;:

a display device;

a display device driver which drives said display device;

a compression section configured to select, 1n response to
a Irame rate with which said display device driver
drives said display device, a data compression ratio
such that a product of said data compression ratio and
said frame rate 1s kept constant independently of said
frame rate, and generate compression data by compres-
s1on processing on 1mage data with the data compres-
sion ratio; and

a transmission section which, when receiving said com-
pressed data from said compression section, transmits
said compressed data to said display device driver by
using a serial data signal,

wherein said display device driver receives said serial
data signal from said transmission section, generates
decompressed data by decompressing said compressed
data transmitted by using said serial data signal, and
drives said display device 1n response to said decom-
pressed data, and

wherein said compression section 1s configured to receive
the frame rate and adjust the data compression ratio
based on the received frame rate,

wherein said transmission section includes:

a first clock generating circuit formed as a Phase Locked
Loop (PLL) or a Delay Locked Loop (DLL), which
venerates a first synchronizing clock signal synchro-
nous with a source clock signal; and

a serial transmission circuit transmitting said serial data
signal 1n synchromization with the first synchronizing
clock signal received from said first clock generating
circuit,

wherein said first clock generating circuit 1s configured
not to switch a frequency of said first synchromzing
clock signal even when switching of said frame rate
OCCUTS.

2. The display apparatus according to claim 1, wherein, in

a case that said data compression ratio 1s defined as a ratio

of a number of bits of said compressed data to a number of
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bits of said image data, said data compression ratio 1s set so
that the product of said data compression ratio and said
frame rate 1s kept constant independently of said frame rate.

3. The display apparatus according to claim 1, wherein

said compression section 1s adapted to an operation of
outputting said image data as uncompressed data without
compressing said 1mage data,

wherein, when receiving said uncompressed data from
said compression section, said transmission section
transmits said uncompressed data to said display device
driver by using said serial data signal,

wherein a transmission rate 1n transmitting said uncom-
pressed data from said transmission section to said
display device drive by using said serial data signal 1s
equal to a transmission rate 1n transmitting said com-
pressed data from said transmission section to said
display device drive by using said serial data signal.

4. The display apparatus according to claim 1 wherein

said display device driver includes a reception section
receiving said serial data,

wherein said reception section includes:

a second clock generating circuit formed as a Phase
Locked Loop (PLL) or a Delay Locked Loop (DLL),
which generates a second synchronizing clock signal
synchronous with said serial data signal; and

a serial reception circuit which performs sampling on said
serial data signal in synchronization with the second
synchronizing clock signal received from said second
clock generating circuit.

5. The display apparatus according to claim 1, wherein

said first clock generating circuit includes:

a frequency divider which recerves said first synchroniz-
ing clock signal and outputs a frequency-divided clock
signal having a frequency equal to or lower than that of
said first synchronizing clock signal;

a phase comparator circuit generating an output signal
responsive to a phase difference between said source
clock signal and said frequency-divided clock signal;
and

a clock output circuit outputting said first synchronizing,
clock signal 1n response to said output signal received
from said phase comparator, while controlling a fre-
quency of said first synchronizing clock signal, and

wherein said frequency divider 1s configured so that a
ratio ol a frequency of said frequency-divided clock
signal to the frequency of said first synchronizing clock
signal 1s fixed.

6. The display apparatus according to claim 1, wherein the

frame rate 1s switched 1n response to a change of contents
displayed on the display device, and the said compression
section adjusts the data compression ratio in response to
detecting the switch in frame rate.

7. A display apparatus control circuit controlling a display

device driver which drives a display device, said circuit
comprising:

a compression section configured to select, in response to
a frame rate with which said display device driver
drives said display device, a data compression ratio
such that a product of said data compression ratio and
said frame rate 1s kept constant independently of said
frame rate, and generate compression data by compres-
sion processing on 1mage data with the data compres-
sion ratio; and

a transmission section which, when receiving said com-
pressed data from said compression section, transmits
said compressed data to said display device driver by
using a serial data signal,
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wherein said display device driver receives said serial
data signal from said transmission section, generates
decompressed data by decompressing said compressed
data transmitted by using said serial data signal, and
drives said display device in response to said decom-
pressed data, and

wherein said compression section 1s configured to receive
the frame rate and adjust the data compression ratio
based on the received frame rate,

wherein said transmission section includes:

a first clock generating circuit formed as a Phase Locked
Loop (PLL) or a Delay Locked Loop (DLL), which
generates a first synchronizing clock signal synchro-
nous with a source clock signal; and

a serial transmission circuit transmitting said serial data
signal 1n synchronization with the first synchronizing
clock signal received from said first clock generating
circuit,

wherein said first clock generating circuit 1s configured
not to switch a frequency of said first synchronizing
clock signal even when switching of said frame rate
OCCUTS.

8. The display apparatus control circuit according to claim

wherein, 1 a case that said data compression ratio 1s
defined as a ratio of a number of bits of said com-
pressed data to a number of bits of said image data, said
data compression ratio 1s set so that the product of said

data compression ratio and said frame rate 1s kept
constant independently of said frame rate.
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9. A display apparatus control circuit controlling a display

device driver which drives a display device, the control
circuit comprising;

at least one processor configured to:
recerve 1mage data for data compression and a frame rate
with which the display device driver drives the display
device;
select, 1n response to a frame rate with which said display
device driver drives said display device, a data com-
pression ratio such that a product of said data compres-
ston ratio and said frame rate 1s kept constant indepen-
dently of said frame rate;
generate compression data by compression processing on
image data with the data compression ratio; and
transmit the compressed data to the display device driver
by using a serial data signal,
wherein said at least one processor 1s configured to
receive the frame rate and adjust the data compression
ratio based on the received frame rate,
wherein said transmitting the compressed data comprises:
generating a first synchronizing clock signal synchro-
nous with a source clock signal by a clock generating
circuit formed as a Phase Locked Loop (PLL) or a
Delay Locked Loop (DLL); and
transmitting said serial data signal in synchromization
with the first synchronizing clock signal received
from said first clock generating circuit,
wherein said first clock generating circuit 1s configured
not to switch a frequency of said first synchronizing,
clock signal even when switching of said frame rate
OCCurs.



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 09,691,339 B2 Page 1 of 2
APPLICATION NO. . 14/007228

DATED cJune 27, 2017

INVENTORC(S) . Hirobumi1 Furihata and Takashi Nose

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

Column 6, Line 58:
“data” has been replaced with --data,--

Column 8, Line 37;
“21a” has been replaced with --21 a--

Column 15, Line 25-27:

“[Rp-Rc|[<Th2,

Gp-Gp|<Th2, and” has been replaced with --|Rp-Rc|<Th2,
Gp-Gc|<Th2, and--

Column 15, Line 46:
“max(RA,,RB,,RC,,RD)-mjn(RA?RB,RB,RD)<Th3,”" has been replaced with
--max(RA,RB,,Rc,RD) -mjn(RA,RB,,RC,,RD)<Th3 .=

Column 19, Line 58-61:

“Rave=(Ra+R;3+1)/2,

Gave=(GatGs/1)/2, and” has been replaced with --Rave=(Rx+Rp+1)/2,
Gave=(Ga+Gpt1)/2, and--

Column 23, Line 25:
After “[3,”, insert --the--

Column 25, Line 25:
After “f3,”, msert --and--

Column 25, Line 49:
“Ravel=(Ra+Rg1)/2,” has been replaced with --Ravel=(Rx+Rp+1)/2,--
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T'wenty-fourth Day ot April, 2018

Andre1 Iancu
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Column 26, Line 30:
“value [3,” has been replaced with --value,--

Column 27, Line &:;
After “[3,”, msert --this--

Column 27, Line 13:
After “value”, insert --difference--

Column 27, Line 44:
“C” has been replaced with --G--

Column 29, Line 66:
After “the”, insert --[3--

Column 33, Line 57:
“C” has been replaced with --C.--

In the Claims

Claim 1, Column 35, Line 55:
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